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PREFACE 


This short book is a partial report of work in progress at Hudson 
Institute on crucial issues of population growth, economic development, 
energy, raw materials, food and the environment that currently are the 
focus of attention for governments, academic institutions, private cor- 
porations, news media and concerned citizens all over the world/ While 
we do not ignore the short and medium terms, our focus in this book is 
on the long term — and we consider most of the immediate and medium term 
issues that do arise as transitional phenomena. Rather than trying to 
solve the practical problems raised by these issues or even to predict 
the actual course of events, we have written a scenario for America and 
the world for the next 200 years which puts these issues in a new per- 
spective. This scenario does, however, demonstrate that there are, in 
principle, solutions. 

The American Bicentennial provides a unique opportunity to make such 
an examination, for it is a propitious occasion to assess where we have 
been, what the current situation is and where we are likely to go. There 
is an inherent human interest in seeing oneself, one's nation, one's time 


This work originated in research initially undertaken for The Mitre 
Corporation Symposium on Energy, Resources and Environment (ERE), 8-9 
November 1971, McLean, Virginia. Subsequent presentations were made at 
the First General Conference, Phase I I , of Hudson's Corporate Environment 
Study, 9-14 January 1972, Venice, Italy and The Mitre Corporation ERE 
Symposium of 14 April 1972, McLean, Virginia. Studies currently in prog- 
ress at Hudson are expected to yield three additional books which will 
supplement and complement this volume. One will deal with the new environ- 
ment for development; a second will focus on the next decade (1977-1986); 
and the third will continue our examination of development and the prospects 
for mankind. 
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in the perspective of what has passed, and there is an equal interest in 
investigating the future--and these interests are enhanced at a time of 
historical commemoration. It is our hope that the thought and ideas 
growing out of this investigation will influence current public policy 
both directly and indirectly, and thus have an enduring impact. 

Often contemporary issues are not fully understood until they have 
become history and can be seen in a historical context. To some degree 
futurology can furnish such a context by giving us now an artificial 
vantage point from which to look backward; examined in this long term 
perspective, current issues look quite different and can be better 
comprehended. Even if the actual future turns out to deviate from the 
one projected, the exercise will prove worthwhile for the new insights 
it: provides. 

Such an effort seems particularly appropriate today, at a time when 
much popular and widespread discussion indicates that the prospects for 
mankind are very aim. We w 11 not attempt here to rebut this view 
systematically (others, including ourselves, have already undertaken that 
task in general and in deta I ) . But we will try to show a contrary 
scenario, one that if not correct in all of its particulars is still, 
we believe, much more likelv to occur or to be relatively representative 
of what does occur. 

Aside from the doomsday literature, we find little in the current 
discussions that looks much further ahead than ten or twenty years. We 
will try here to adopt the perspective of our grandchildren and our great 
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grandchildren and rep resent- -however inadequately--thei r interests and 
their needs. Mankind is now operating on such a grand scale that many 
current activities and programs raise issues that--at least conceptual ly-- 
can be dealt with only in a much longer time frame. There is an obligation 
for all--but especially for the most advanced nation on earth--to define 
the problems of our future and suggest the means for dealing with them. 

In effect we are suggesting that both public and private institutions 
try to act as an early warning system and as a lobby for the medium and 
long term future; for we believe, to rephrase Santayana, that those who 
neglect the future risk losing it. 

We have deliberately kept this report of work in progress as brief 
and non-technical as possible because we want wide circulation and reader- 
ship. This means that our evidence is often more suggestive and heuristic 
than sufficient, that our arguments are foreshortened and that our conclu- 
sions will sometimes appear to be didactic and dogmatic. There may also 
be errors of both commission and omission. These we will attempt to deal 
with through further analysis and revision arising out of the program of 
specialized studies we currently have under way. 

Beyond this we offer no apologies. Mostly we are trying to examine 
some very important but basically simple issues. Our interest is as much 
in opening discussion as in closing it, in asking questions as in answer- 
ing them, in raising issues as in settling them. However, we do speculate 
on solutions and conclusions as far as our courage and judgment will 
al low us to. 
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We often find that what is well known is poorlv understood, and 
what is taken for qranted is taken without thought. We also disagree 
’with much of the thinking and discussion in academic, intellectual, anc 
literary establishments today. Therefore, for both the common and 
academic wisdom we offer uncommon analysis. The exercise mav please 
some, jar others and perhaps upset more than a few. But we are confi- 
dent that it will open a new perspective on the issues we discuss. For 
America and the world--in this anniversary yeai — we could hardly ask 
more or offer less. 
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Chapter I 

INTRODUCTION: PUTTING GROWTH IN PERSPECTIVE 

The scenario presented, elaborated and tested in this book can be 
summarized with the general statement that 200 years ago almost everywhere 
human beings were comparatively few, poor and at the mercy of the forces 
of nature, and 200 years from now, we expect, almost everywhere they will 
be numerous, rich and in control of the forces of nature. The 400-year 
period will thus have been as dramatic and important in the history of 
mankind as was the 10,000-year period that preceded it, a span of time 
that saw the agricultural revolution spread around the world, giving way 
finally to the birth of the Industrial Revolution. The midway mark 
of this **00-year period has seen the initial emergence, in the most 
advanced countries, of super i ndus t r i a 1 economies (where enterprises are 
extraordinarily large, encompassing, and pervasive forces in both the 
physical and societal environments), to be followed soon by postindustrial 
economies (where the task of producing the necessities of life has become 
trivially easy because of technological advancement and economic develop- 
ment). We expect that all countries eventually will develop the charac- 

A 

teristics of super- and postindustrial societies. 


-t 

'it would be well to establish definitions of key words like 
"economy," "institutions," "culture" and "society" at the outset. We 
distinguish among them as follows: "economy" denotes economic and tech- 
nological activity; "institutions" the laws and organizations; "culture" 
the style, values, national character and attitudes; and "society" 
refers to the whole. 
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The Current MaJ a i se 

;or the past several vears many concerned, intelligent people have 
developed strongly pessimistic feelings about the evolution of economic, 
technological and industrial development. At first these feelinos 
focused on qlarinq--and often growi ng-~d i spar i t ies in material well-being, 
not oniy between rich and poor nations, but within the rich nations them- 
selves. More recently, rising concern about pollution arid the possible 
exhaustion of many natural resources has increased the already serious 
doubts about the continuation of this "disproportionate" consumpt ion- - 
doubts often expressed as ouestions about the moral right: of the rich to 
use up so many "nonrenewab le" or scarce resources and at prices that 
are considered unfairly low* 

On the other hand, concern is also growing about the possibility of 
a new economic order in which resource-rich nations of the Third World 
would combine in cartels to set high commodity prices. By thus pre- 
empting for themselves much of the surplus available in the production 
process, they might permanently diminish the prosperity of the wealthy 
nations and make life intolerable for the resource-Door nations or those 
unable to join a cartel. 

Added to these feelings is a pervasive loss of confidence in the 
ability of national leaders in almost all developed countries t:o deal with 
the problems that beset the world today. Domestic political scandal and a 
decade of futile combat in Southeast Asia have eroded the leading 
position of the United States in international affairs; worldwide infla- 
tion, accompanied by a major downturn in economic growth, has called 
into question the international economic institutions created In the 
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wake of World War II. Bureaucracies have proliferated everywhere, while 
the services they offer have often declined as the number and cost of 
personnel have mounted alarmingly. To many it seems that the resources 
of the productive and fortunate are being increasingly drained without 
the lot of the less productive and less fortunate being measurably 
improved. Widely publicized ferment, agitation and so-called "liberation" 
movements among young people, women, and minority groups have signaled 
to some the imminence of possible revolution. French President Giscard 
d'Estaing's remark that "we can see that practically all these curves are 
leading us to disaster"" accurately encapsulates this current mood of 
malaise. 

Indeed, a consensus is emerging among many scholars and journalists 
that a turning point has been reached in world history, one that portends 
either a much more disciplined and aus tere--even bleak--future for mankind, 
or a dramatic and revolutionary change in domestic and international 
society, or perhaps both. These observers argue that contemporary 
trends--and the increasing threats that appear to accompany them--rule 
out any realistic possibility, through current or even reformed institu- 
tions, of continued worldwide economic development. Indeed, they tend 
to view further development as endangering the prospects for mankind, 
and they conclude that technological, economic, political and moral 
imperatives require a basic change in the emphasis of mankind's activi- 
ties--from seeking growth to slowing growth, from affluence to austerity, 
from conspicuous consumption by the few to equitable distribution of a 
limited and finite product among all. 

**n press meeting, Paris, October 2k, 197 k. Press and Information 
Service, Embassy of France, Washington, D. C. 
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"he Hudson Study and the Am erican Bicentennial 

The Hudson Institute has been engaged for some time in the first phase 
of a major attempt to examine and analyze these issues in world develop- 
ment, and our preliminary findings suggest that the views described above 
may be based to a large extent on a misreading of certain current realities 
ind their implications for the future. In fact, while Hudson's examina- 
tion of these problems in historical perspective does reveal serious and 
jotentially disastrous future possibilities, it also shows that many of 
them are more the growing pains of success (often accentuated by ill-timed 
bursts of mismanagement as well as the needlessly dire prophecies of doom 

sayers) than the inevitable precursors of doom. 

In our view, the application of a modicum of intelligence and good 
management in dealing with- current problems can enable economic growtn 
to continue for a considerable period of time, to the benefit, rather 
than the detriment, of mankind. We argue that without such growth the 
disparities so regretted today would probably never be overcome, that 
"no growth" would consign the poor to indefinite poverty and increase 
the present tensions between "haves" and "have-nots." nevertheless, 
we do not expect economic growth to continue indefinitely; instead, its 
present exponential rate will probably slow gradually to a low or zero 
rate. Our differences with those who advocate limits to growth deal 
less with the likelihood of this change than with the reasons for it. 

As part of our study we have developed two perspectives on the future 
which many might judge to be optimistic but which we consider quite 
realistic. (While events may not follow either ot these two perspectives, 
we do think they provide good ways to examine current trends.} One 
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perspective, which we cal 1 "earth-centered," assumes that for the next 200 
years the vast majority of the human population will continue to inhabit 
the earth and that extraterrestrial activity will be limited to explora- 
tion and modest levels of exploitation. While important, these space 
activities will not significantly affect human population growth rates, 
nor will they entail radical shifts in the rate of growth of gross world 
product (GWP) . Our second perspective, styled "space-bound," assumes a 
much more vigorous effort in extraterrestrial activities early in the 
21st century, including the eventual establishment of large autonomous 
colonies in space involved in the processing of raw materials, the pro- 
duction of energy and the manufacture of durable goods--both for indige- 
nous consumption and as exports back to earth or to other solar-system 
colonies. Such developments would involve substantial migration from 
earth and could eventually create very new and different patterns of 
population and product growth, all quite beyond any projections made 
from a basically earth -centered perspective. 

For the purposes of this book--to present a plausible scenario for 
a "growth" world that leads not to disaster but to prosperity and plenty — 
we have focused on our first perspective. By doing so we are making what 
is in effect an a fortiori argument, asserting that the transition we 
foresee (and the resolution of many current problems) can be accomplished 
by what is available to us here on earth, in terms of both living space 
and resources. It is possible that our second perspective will turn out 
to be closer to reality, and if so, then it is clear that the growth pro- 
jections of our 200-year scenario will be more than fulfilled. Thus, 
although personally we are somewhat more inclined toward the second 
perspective, it is on the first that our case rests. It should be noted 
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rhat even if the second perspective turned out to be more difficult to 
achieve than we now believe, the fulfillment of the first perspective, with 
its enormous economic development and technological advancement, would 
create a potential for the allocation of resources to space that could 
contribute to the eventual successful development of the second perspective. 

Figure 1 sums up our first perspective (with parenthetical remarks 
For the last three sets of dates indicating plausible events in space 
associated with our second perspective). Here we argue that the growth 
First of population and later of GWP will approximate a flattened S- 
ihaped, or logistical, curve, passing from an earlier era of slow growth 
through the present period of exponential growth to a final leveling-off." 
(If we were to focus on the second perspective, we would argue that a new 
> -shaped curve may start sometime in the 21st century, representing the 
colonizing of the solar system and eventually generating growth rates 
that we would not even try to estimate; perhaps later, when this transi- 
tion was near completion, yet another curve would begin, representing 
the colonization of interstellar space, a task that may be as open-ended 
• is the galaxy, or for that matter the universe.) 

The earth-centered perspective assumes that the world population 
flattens out at 15 billion people, give or take a factor of two (that is, 


The current year is depicted as the inflection point of the curve, 
it once both its moment of maximum growth and therefore the beginning 
of slower growth. In reality, following current UN data and projections, 
we expect to witness the inflection point in rate of population growth 
during the period 1976 to 1 980 ; for reasons to be explained in the 
following chapter, we believe that the inflection point in rate of growth 
of GWP will lag about a decade behind that of population. While both 
oredictions are far from certain, the second one is much less certain 
than the first. 
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FIGUKI I 

THE GREAT TRANSITION 


A Bi conform i <j I .jrid/or Realistic Perspective on 
Prospects for Mankind 
(Inf ixod 1975 do I larr.) 



$ I * >0 bi I I ion O.V 
$200 per capi fa 


PREPARATION 


Before 1776 
1776 - 1925 


All societies are pre- i ndustr i a I 

150 years for initial industrialization of 
! Europe, Japan and North America 


BREAKING THE 
BACK OF THE 
JOB 


1926 - 1955 


1956 


1995 


1996 - 2025 


Three decades for initial stops toward worldwide 
industrialization and emergence of mass consump- 
tion societies in Europe, Japan and North 
Amer i ca 

Four decades of worldwide and rapid economic 
and population qrowth; initial emergence of 
super i ndustr ia I economy, technological crises 
and many other historic transitions, e.g., 
inflection points in world population and 
perhaps gross product curves, (First steps 
into space) 

Another three decades for initial emergence 
of postindustrial economies in European and 
non-Communist Sinic cu I tures-~perhaps also 
U.S.S.R. Full development of super i ndustr i a I 
societies and cultures in advanced countries. 
(First serious move to colonize space) 


EVENTUAL 
INTERIM 
GOAL OF 
MANKIND 


2026 - 2175 


After 2176 


150 years for emergence of post i ndustr i a I 
economies almost everywhere on earth. (The 
establishment of an independent dynamic 
solar system society) 

Full development of post i ndustr i a I institutions 
and cultures almost everywhere on earth. (Man 
turns his attention to the creation of such 
societies everywhere in the solar system and 
perhaps to the stars as wel I) 
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a range of 7.5 to 30 billion); the percapita product at $20,000, give 
or take a factor of three; and the GWP at about $300 trillion, qive or 
take a factor of five. The absolute range of variability is, of course, 
iarqer than the one we have given, but we find the above quite plausible. 

If our basic ass umDt ions are correct, then the metaphor of exponen- 
tial growth durinq the next century will be increasingly misleading. 
.Moreover, assertions that an impending dramatic collision with physical 
limits will force a cnoice between a policy leading inevitably to 
catastrophe and one of no-qrowth (or even a forced low-qrowth) are, in 
our view, based on highly implausible assumptions. Indeed, Hudson 
orojections based on current trends point to the conclusion that growth 
is likely to continue for many generations, though at gradually decreas- 
ing rates which we expect to result more from a slowing pace of demand 


We have chosen to use "gross product" and "per capita product" as 
basic variables, despite much current criticism and even disillusionment 
with these concepts. There are many problems associated with the concept 
of GNP defined as the total amount of qoods and services produced, but 
some of the criticism is not relevant. It is certainly true that it does 
not necessarily measure welfare, progress, quality of life, true wealth, 
power, strength or desirability, but then it's not supposed to. Nor does 
the fact that many consumer expenditures can be thought of as operating 
costs and not income chance the utility of the concept. 

in any event, for our purposes here, we have adopted the simple, 
common- sense and larqely reasonable approach that dollars tend to measure 
opportunity costs and that gross product tends to measure the total heft 
of the economy and indicate the limits of what can or cannot be done with 
the resources of any particular economy. 

It should also be noted that here and throughout the book, all 
dollar figures are in fixed, constant 1975 equivalents, with inflation 
d i scounted . 
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than from increasing difficulties in obtaining physical supplies. Accord- 
ing to this analysis, the gradual leveling-off tendency will be a social 
consequence of the proliferation of such factors as modernization, literacy, 
urbanization, affluence, safety, good health and birth control, and govern- 
mental and private policies reflecting changing values and priorities 
(accompanied by the increasing desire of vested interests to protect 
their status quo from external pressures for expansion). Although the 
possibilities of overcrowdi ng, famine, resource scarcity, pollution and 
poverty cannot be dismissed, they should be seen as temporary or regional 
phenomena that society must deal with rather than as the inevitable fate 
of man. In this context, one of our main concerns is that beliefs and 
attitudes that create resistance to economic growth will impede the re- 
solution of our current problems and perhaps even lead to the kind of 
disasters we all want to prevent — that they will become in effect, self- 
fulfilling prophecies. 

America's first 200 years have both mirrored and driven the age of 
industrialization. The year of the start of the American Revolution, 

1776, also witnessed the publication of Adam Smith's Weal th of Nations ; 
it is therefore a convenient benchmark for the beginning of the Indus- 
trial Revolution. These two revolutions marked the onset of a unique 
era in world history: It was the Industrial Revolution that spurred 
unprecedented productivity and economic growth, and it was America that 
came to play the leading role in that development. It thus seems both 
fitting and opportune that the American Bicentennial should almost coin- 
cide with the turning point in what can be mankind's great transition to 
a world which, without being a utopia, can create both the opportunity 
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and the foundation for an environment of relative peace and prosperity 
for nearly everyone, and hopefully one of relative joy and fulfillment 
as we i 1 . 

Four Cha racterjst i c Views of Two Basic Images 
o f the Earth-cen tered Perspective 

There are two basic and totally different images (or models) of the 
earth-centered perspective, which we have labeled the neo-Mai thus i an 
and technology and growth. The first is a modern version of the analysis 
of the i9th-century English economist Thomas Mai thus, who argued that 
population would eventually grow faster than food supply, thus implying 
that starvation would soon become mankind's perennial companion, at 

it 

'east for the poor. The opposite image stems from the premise that in 
the next 100 years material needs can be met so easily in the currently 
developed world that the more advanced nations will develop super indus- 
trial and then post industr ia 1 economies, and that the rest of the world 
will soon follow. Obviously these two basic images encompass a range of 
differing views and concepts, so to represent them fairly and without 
exaggeration, we have developed two detailed views for each of the two 
nodels--one of which in each case is a relatively extreme position, the 
other a moderate one. Thus, the neo-Ma I thus ian model includes the view 
of a strong neo-Ma 1 thus i an and the view of a moderate neo-Mai thus ian 
advocate (that is, a guarded pessimist); and for the contrasting model 
we describe the position taken by a moderate (or guarded optimist) and 

Scholarly integrity and concern for the somewhat maligned memory of 
Mai thus compel us to note that this best-known conclusion of his was an 
early view which he tempered and amended in his later work. We are 
grateful to Roger Revel le for pointing this out to us 
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and an enthusiastic advocate of technology and economic growth. Both of 
the moderate positions argue that we can expect serious problems in energy 
shortfalls, resource scarcities and food distributon. Both also raise 
the real possibility of cataclysmic or irreversible environmental damage. 

But both hold open the possibility (in one case barely and in the other 
relatively clearly) that with technological progress, wise policies, 
competent management and good luck, mankind can deal with these problems 
and survive into a future where, at the least, opportunity is not foreclosed 
and disaster is not foreordained. The guarded optimist's view goes even 
further, holding that we may still avert ultimate disaster even if the 
policies are not so wise, management not so competent, and luck not so 
good, but the worse the policies, management, and luck, the greater the 
potential for tragedy along the way and even for final cataclysm. 

These four views, as they relate to ten different issues, are 
summarized in Table 1. Columns A and B list the typical neo-Ma 1 thus i an 
concerns about the limited potential of the earth and the likelihood of 
greatly diminishing returns on future investments, rapid depletion of 
resources and uncontrolled exponential or cancerous population growth. 

In this image, innovation and discovery are seen as traps and further 
industrial development is expected to hasten the approaching disaster; 
growth of either the population or the economy is considered anti- 
thetical to a high quality of life. In short, the long-term outlook is 
grim. The two views of the technology and growth model, listed in columns 
C and D, argue that because of the evolution of knowledge and technology, 
resources are increasing rather than fixed; more technology and more 
capital are vital; decision-making will probably rise to the occasion, 
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FOUR VIEWS OF THE EARTH-CENTERED PERSPECTIVE 


GUARDED PESSIMIST 


C, GUARDED OPTIMIST 


D, 


TECHNOLOGICAL AND GROWTH 
ENTHUSIAST 


* CONVINCED 

neo-malthusian # 

1. BASIC WORLD MODEL 

Fi nite Pie . Most global non - renewable 
resources can be estimated accurately 
(within a factor of 5 or 10) to demon- 
strate the reality of the running out 
phenomenon. Whatever of these resources 
is consumed will forever be denied to 
others. Current estimates show we will 
be running out of many critical resources 
in the next 50 years. The existing 
remainder of the pie must be shared more 
fairly among the nations of the world, 
the rich and the poor, and between this 
generation and those to follow. Because 
the pie shrinks over time, any economic 
growth which makes the rich richer can 
only make the poor poorer. 

2 . TECHNOLOGY AND CAPITAL 

Largely Illusory or Counte rproduct i ve. 
Proposed technological solutions to 
problems of pollution or scarce resources 
are short-sighted illusions that only 
compound the difficulties. Even on a 
moderate scale this approach would only 
further deplete crucial resources while 
avoiding the real problems and prolong- 
ing the poverty of the LOCs. Any future 
economic development should be restricted 
to the Third World and should include 
some transfer of existing capital assests 
frcm the over developed nations. A 
completely new approach is needed for 
the long term. 

3. MANAGEMENT AND DECISION-MAKING 

Failur e is Almost Certain . The comp 1 ex i - 
ties, rigidities and ideological differ- 
ences among nations and their institutions 
make it inconceivable that present human 
organizations, even with computer assis- 
tance, could sufficiently comprehend and 
effectively act to solve our most impor- 
tant problems. A drastic redesign is 
needed to circumvent the thrust toward 
bigness; to permit much more local and 
decentralized decision making; to live 
and work on a manageable human scale— 
more emphasis is needed on the commun i ty 
and regional level — much less on big 
business, big government, and big organi- 
zations generally. 


Uncertain Pie . The future supply and 
value of both old and new materials Is 
necessarily uncertain. Past projections 
of the future availability of materials 
usually have been gross underestimates — 
one can concede this could happen again, 
but current estimates seem relatively 
reliable. Current exponential growth 
clearly risks an early exhaustion of 
some critical materials. Prudence re- 
quires immediate conservation of remain- 
ing resources. Excessive conservation 
poses small risks while excessive con- 
sumption would be tragic. 


Mostly Diminishing Returns . Generally, 
despite many exceptions, the future will 
bring diminishing marginal returns from 
new investments and the effort required 
for economic gains will increase dramati- 
cally. The technology, capital equip- 
ment, and other efforts required to 
obtain minerals and food in increasingly 
marginal situations will accelerate the 
approaching exhaustion of many resources 
and substantially Increase pollution and 
shortages — possibly to lethal levels. 
Until practical solutions to these prob- 
lems have appeared, we must turn away 
from technology and investment. 


Lj ke I y Failure . The rapidity of change, 
growing complexity and increasing con- 
flicting interests make effective manage- 
ment of resources, control of pollution, 
and resolution of social conflicts too 
difficult. Some slowdown and simplifi- 
cation of issuesare imperat i ve— even if 
it requires drastic actions. If we don’t 
reform voluntarily, more painful political 
and economic changes may be imposed on 
us by the catastrophic events made inevi- 
table by failure to act soon. (Note 
there is a wide range of attitudes here 
toward central planning and toward local 
decision making, but almost all of them 
include mistrust of the current "unfree 
market.") 


Growing Pj e . Past technological and 
economic progress suggests that increas- 
ing current production is likely to 
further increase potential for greater 
production and that progress in one 
region encourages similar developments 
everywhere. Thus as the rich get richer 
the poor also benefit. Higher consump- 
tion in the developed world tends to 
benefit all countries. Excessive caution 
tends to maintain excessive poverty. 

Some caution is necessary in selected 
areas but both the "least risk" and the 
"best bet" paths require continued and 
rapid technological and economic develop- 
ment . 


Required For Progress . Despite some 
dangers only new technology and capital 
investment can increase production; pro- 
tect and improve the environment; hold 
dovn the cost of energy, minerals, and 
food; provide economic surpluses with 
which to improve Jiving standards in the 
LDCs ; and prepare prudently for any 
potential unexpected catastrophes. We 
must be alert for problems resulting 
from inadequately understood innova- 
tions, inappropriate growth, and/or 
natural causes. However, we should 
proceed with energy and confidence even 
while exercising great caution and con- 
stantly reassessing future risks and 
benef i ts. 

Moderately Successful . Systematic inter- 
nalization of current external costs and 
normal economic mechanisms can make most 
private organizations adequately respon- 
sive to most problems. A practical 
degree of public regulation and a low 
degree of international cooperation can 
handle the rest, if somewhat awkwardly. 
■Outstanding management is rare but usually 
not essential as most institutions learn 
from experience— if often slowly and pain- 
fully. (But good management can reduce 
the number and intensity of painful expe- 
riences.) Except for wars, shocks as 
great as the oil shock and other 73/74 
experiences are rare and yet existing 
systems reacted adequately—and survived. 


Uni imi ted Pie . The important resources 
are capital, technology and educated 
people. The greater these resources, the 
greater the potential for even more. 

There is no persuasive evidence that any 
meaningful limits to growth are in sight 
--or are desirable — except for popula- 
tion growth in some LDCs. If any very 
long term limits set by a “finite earth" 
really exist, they can be offset by the 
vast extraterrestrial resources and 
areas which will become available soon. 
Man has always risen to the occasion and 
will do so in the future despite dire 
predictions from the perennial doomsayers 
who have always been scandalously wrong. 

Solves Almost All Problems . Some current 
problems have resulted from careless 
application of technology and investment 
but none without a remedy. It is not 
paradoxical that technology which caused 
problems can also solve them — it only 
requires mankind's attention and desire. 
There Is little doubt that sufficient 
land and resources exist for continual 
progress on earth. Most current prob- 
lems are the result of too little tech- 
nology and capital, not too much. In 
any case man's desire for expansion into 
new frontiers will lead eventually to 
the colonization of the solar system and 
effectively unlimited lebensraum . 

Not a Serious Problem . We flatter our- 
selves that current issues are more 
important and difficult than ever. Actu- 
ally there is usually nothing very special 
happening. Mankind always has faced 
difficult and dangerous problems; poor 
solutions resulted in high costs. Some- 
times there is even a Darwinian selection 
--the successful surviving and the fail- 
ure disappearing. Progress has made the 
stakes today less dramatic. Modern commu- 
nication and information systems and 
sophisticated organizations provide a 
capability for rapid adjustments to 
reality whenever changes are required 
and government interference is not 
counterproduct i ve. 
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Economics and Technology Can Provide 


4. RESOURCES 

Steady Depletion . Mankind is steadily, 
and often rapidly, depleting the earth's 
potential resources for foods, fuels, 
and minerals, and overwhelming its capa- 
bility to absorb or recycle pollutants. 
Catastrophic results for some of these 
resources may be postponed until the 21st 
century but food, energy and some 
minerals already appear to be critically 
short for the near term. All signs point 
to catastrophe for the medium and long- 
term future. 


5 . CURRENT GROWTH 

Carcinogenic . Current population and 
economic production are akin to a 
spreading cancer. They are already more 
than the earth can sustain in a steady 
state. Future economic or population 
growth will hasten and increase the magni- 
tude of the future tragedy. The current 
demand for continued economic growth and 
the likelihood of a greatly increased 
world population only imply a steady 
worsening of the present extremely dan- 
gerous conditions. 


6. INNOVATION AND DISCOVERY 

A Trap . New discoveries of resources , 
new technologies, and new projects may 
postpone immediate need for drastic 
actions, but not for long. Such post- 
ponement will make eventual collapse 
earlier and more severe. Prudence 
demands immediate restraint, cutbacks, 
and a basic change in values and 
objectives. The time for short-run 
pal 1 iati ves is past. 


Continual Difficulties . The basic prob- 
1 em of limited resources may be Insoluble. 
Even when sufficient resources exist, 
politics, incompetent management, poor 
planning and slow responses make effec- 
tive solutions difficult under conditions 
of exponential ly increasing demand. Where 
resources are becoming scarce and unrelent- 
ing demands for growth are coupled with 
incompetence, intolerable pressures are 
generated and disaster becomes probable. 

A more cautious approach to growth seems 
cl early des i rabl e. 


Large Potential for Disaster . Even i f 
roughly current levels of production 
could be indefinitely sustained, con- 
tinued exponential growth in population 
and production eventually must lead to 
exhausted resources and hazardous exces- 
sive pollution. Few positive human 
values would be served by continued 
mindless growth. We must learn that 
demand is not need. Unless drastic 
voluntary reforms limit future growth, 
catastrophes stemming from limited 
resources and high pollution levels are 
likely before long to make these reforms 
mandatory . 


Increasingly Ineffective . The basic 
solution is to increasingly limit 
demands, not to encourage a desperate 
search for new inventions that might 
suffice temporarily but would Increase 
long-run problems by increasing environ- 
mental damage and depletion of resources, 
while encouraging current growth and 
deferring hard decisions. Although 
technological solutions may buy some 
time it has become increasingly impor- 
tant to use this- time constructively 
and avoid the undue economic expansion 
that new discoveries encourage. 


Generally Sufficient . Given slow but 
steady technological and economic prog- 
ress and an ultimate world population 
below 30 billion, it should be feasible 
to attain economic living standards 
markedly better than current ones. With 
rapid progress and good management gener- 
ally even higher economic levels and an 
outstanding "Quality of Life" become 
possible. Economic success enhances 
national capabilities to resolve special- 
ized resource issues as they arise. How- 
ever, the tendency tcwards cartels 
coupled with political conflicts could 
create occasional short term problems 
In maintaining adequate supplies at 
reasonable prices. 


Although current projections are uncer- 
tain, social and cultural forces inher- 
ent in both developing and affluent 
societies appear likely to limit the 
world population to about 3 times the 
current level and average per capita 
production to about 2 or 3 times the 
current level . There seems to be more 
than enough energy, resources and space 
for most populations, assuming that a 
relatively small number of people put 
forth the necessary efforts and the 
others don't interfere. 


Usual ly Effective . New resources, new 
technology and economic growth often 
produce new problems, but they still do 
solve current problems, improve effi- 
ciency and upgrade the quality of life. 
Also, they increase the toughness and 
flexibility of the economy and society 
(i.e. , provide insurance against bad 
luck or incompetency). With good 
management they also can help to re- 
duce population growth, conserve ex- 
pensive minerals, improve nutrition 
within the poorer countries, and 
generally improve future prospects. 


Superb Solutions . The earth is essen- 
tially bountiful in all of the important 
resources. Large sudden price fluctua- 
tions tend to be "sel f- correcting" within 
a few years although they can be misin- 
terpreted as basic shortages (as in 1973“ 
74). Near-term prices are certainly 
important but we have often lived with 
short term problems. Trust in the eco- 
nomics of the market system, confidence 
in emerging technological solutions and 
a little patience will remedy the current 
resource issues just as they have in the 
past. 


Mankind's Greatest Hope . New and improv- 
ing technologies (agronomy , electronics, 
genetics, power generation and distribu- 
tion, information processing, etc.) aided 
by fortuitous discoveries (e.g., ocean 
nodules) further man’s potential for 
solving current perceived problems and 
for creating an affluent and exciting 
world. Man is now entering the most 
creative and expansive period of his 
history. These trends will soon allow 
mankind to become the "master" of the 
solar system. 


Probable Transition to Stability . Desirable and Healthy . No obvious limits 

are apparent. Even with current tech- 
nological potential, growth (except per- 
haps in a few of the poorest nations) is 

and will be purely a matter of human \_o 

choice, not of natural limitations. Prob- 
lems always exist but solutions always 
emerge — often as a result of the dyna- 
mism of growth. We do not know man's 
ultimate fate, but truly fantastic eco- 
nomic and technological capabilities 
are Itkely to be included as both a 
means and an end (e.g. they probably 
include self- reproducing automation and 
space colonization in the next century). 
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B, GUARDED PESSIMIST 

Increasing and Threatening . I ncome gaps 
have been increasing and may lead to 
dangerous responses. A drastic decrease 
in Income among the poor may even be 
likely soon. Worldwide class warfare 
may emerge following a series of desper- 
ate political crises. These are not 
only possible but may be imminent as a 
consequence of the gaps and the exploit- 
ation of the mineral resources of the 
LDCs. A more equitable income distri- 
bution has become a most urgent matter. 


C. GUARDED OPTIMIST 

Declining Absolute Poverty . Worldwide, 
the threat of absolute poverty (i.e., 
possible large scale famine) is likely 
soon to be forever abolished. Some 
income gaps may increase during the next 
century but some will decrease. Gen- 
erally incomes of both rich and poor 
will increase. Both the gaps and 
Improving technology will tend to accel- 
erate development in poor countries. 
Attempts to force a rapid equalization 
of Income would guarantee only failure 
and tragic consequences. 


D, TECHNOLOGICAL AND GROWTH 
ENTHUSIAST 

A Mlsfonnulated Problem . Western civil- 
ization required about 200 years to 
change from general poverty to general 
affluence. Because of their success 
and continuing advances in technology 
many of the current LDCs will be able 
to make a similar transition within 50 
years. All countries can be expected 
to become wealthy within the next 200 
years. Any lesser scenario would be 
unreasonable or simply an expression of 
some exceedingly bad luck and/or bad 
management. The gap issue is a false 
issue possibly conjured up by neurotic 
gui It. 


A CONVINCED 
' NEO-MALTHUSIAN* 

7. INCOME GAPS AND POVERTY 

Destined to Tragic Conclusions . The 
major consequences of industrialization 
and economic growth have been to enrich 
the few while exploiting and impoverish- 
ing the many. The gap between rich and 
poor as well as the total misery in the 
world are at all time highs--and grow- 
ing. Meanwhile natural resources, the 
heritage of the poor countries, are 
being consumed by the rich, thereby 
denying the poor any real hope for bet-; 
ter living conditions — even temporarily. 

8, INDUSTRIAL DEVELOPMENT 

A Disaster . Further industrialization 
of the Third World would be disastrous 
and further growth of the developed 
world even worse. The rich nations 
should halt industrial growth and share 
their present wealth with the poor. 

The poor nations should husband their 
precious natural resources, selling 
some of them only at prices much higher 
than those prevailing today. 


9. QUALITY OF LIFE 

Ruined . Through excessive growth man- 
kind has become the most destructive 
species in history and may yet increase 
the extent of this damage many- fold. 
Indeed a point of no return may have 
been passed already, mostly because of 
the persistent and growing potential 
for nuclear warfare. in any event the 
values which lead toward a satisfying 
and wholesome life have already been 
largely destroyed in the developed 
nations . 

10. LONG-RANGE OUTLOOK 

Bleak and Desperate . Unless revolution- 
ary changes are soon made, the 21st 
century will see the greatest catastro- 
phe of history resulting from large- 
scale damage to the environment and to 
the ecology of many areas. Billions 
will die of hunger, pollution and/or 
wars over shrinking resources. Other 
billions will have to be oppressed by 
harsh authoritarian governments. Grave 
and even draconian measures are justi- 
fied now to alleviate the extent and 
intensity of future collapse. 


A Step Backward . The LDCs should avoid 
the mistakes of the developed nations. 
They should instead seek smaller, more 
human and more community oriented enter- 
prises appropriate to their needs. 

They would be better off preserving 
their cultural environmental and ecolog- 
ical values than entering head- long into 
destructive polluting industrialization, 
sacrificing thereby both their current 
values and any long-term potential for 
a peaceful world. 

In Conflict with Much Growth . Continued 
economic development or population growth 
might well mean further deterioration of 
the environment, overcrowding, suburban 
sprawl, and a society suitable more for 
machines than human beings. Priorities 
must change; market demand is not the 
same as need; GNP is not wealth; high 
technology not the same as a good life; 
automation and appliances do not neces- 
sarily increase human happiness. 


Contingent Disaster . Although it is not 
possible to predict which disaster is 
most imminent many possibilities exist 
even If we are careful and prudent today. 
Unless we take drastic actions soon, 
mankind may be overwhelmed by climate 
changes, destruction of ocean ecology, 
excessive pollution or other disasters. 
Society must not challenge the environ- 
ment and ecology so recklessly any more. 
We must also manage our resources and 
population more prudently — at least 
after the next disaster if not before. 


Should Continue . Industrialization of 
the LDCs should and probably will con- 
tinue. The rich nations will probably 
help with technical assistance but would 
be unlikely to share their output to the 
extent of serious deprivation. Also the 
natural resources of the LDCs are at 
most of limited benefit even to those 
richly endowed. Their only real hope 
for affluence lies in economic develop- 
ment . 


More Gains Than Losses . I f envi ron- 
mental protection, health, safety, and 
other considerations are neglected 
growth would be accompanied by an 
unnecessary destruction of important 
values. However, much of what some 
elites claim to be destructive others 
consider constructive (e.g. , a pipe- 
line). With adequate internalization 
of the appropriate costs (by society's 
criteria) complaints from unhappy 
factions might still be loud or visible 
but would be generally inappropriate. 

Guarded Optimism . The 21st century is 
likely to bring a worldwide post-indus- 
trial economy where most problems of 
poverty will be largely solved or allevi- 
ated. Most misery will derive from the 
anxieties and ambiguities of relative 
wealth and luxury. Some suffering and 
damage will mark the historical transi- 
tion to a materially abundant life, but 
the ultimate prospect is far superior 
to a world of poverty and scarcity. 


Necessary for Wealth and Progress . 

During the last 200 years progress has 
been identified mostly with technolog- 
ical innovation and economic development- 
Despite the current outcries this view 
is and will be substantially correct. 

All those who wish to, can and should 
share in the benefits offered by modern 
civi 1 izatlon. 


A Heaningless Phrase and Issue . Dis- 
gruntled or unhappy people often oppose 
real progress for romantic, class, sel- 
fish or other reasons. They are not 
representative of the nation and need 
not be taken at face value. In a 
changing world some elites may not bene- 
fit much or may even lose somewhat. 

But most do benefit and gain expectations 
for an even better future. 


High Optimism and Confidence . We cannot 
know mankind's ultimate goals but they 
include a solar civilization and a utopian 
notion for the quality of life on earth. 
The potentialities of modern technology 
and economic progress are just beginning 
to be visualized. Dangers exist but they 
always have and always will. There is no 
need for faint heart. Man should face the 
future boldly and openly because the 
future is his to determine--and to enjoy. 
Postindustrial society and culture could 
be close to a humanistic utopia, by most 
historical standards. 


A Convinced Neo-Mai thus ian envisages an inevitable catastrophe as occurring in the relatively near future. A Guarded Pessimist agrees that this 
will occur, unless something is done. But he believes that there are feasible policies which will prevent or alleviate the foreseen catastrophe. The 
Guarded Optimist considers the possibility of catastrophe to be high enough to worry about, but argues it Is relatively unlikely, and would be relatively 
limited if It does occur. All agree that "nothing lasts forever" but the Guarded Optimist is not sure. 
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despite some incompetency or bad luck; enough resources will be available 
at reasonable costs so that reasonable rates of growth can be achieved; 
current exponential population growth will make a natural transition to 
stability; innovative discoveries will yield great improvements; and 
although absolute income differences could increase for a while, current 
levels of absolute poverty will decrease almost everywhere (the rich will 
not get richer while the poor get poorer, but both will become richer). 
Thus, in this view, all things considered, the long-range outlook is 
quite good . 

In this study we are more interested in the differences between B 
and C than in the gross differences between A and D, even though B and C 
come rather close to merging on some issues. Current advocates of Column 
B (formerly closer to A) originally emphasized the sheer physical impos- 
sibility of the earth's supporting 10 or 20 billion people and often 
stated this claim in an extreme form. Today many of them take a rela- 
tively moderate position, but one still strongly colored by their past 
beliefs. Rather interestingly, many of the followers of these less 
extreme advocates have not shifted with them and talk as if those they 
support still hold A rather than B beliefs. 

B and C advocates represent two of many possible middle positions. 

They project that in some places and at some times there will be too many 
people for available food supplies and that considerable suffering will 
result, but in the long term they see the rate of population growth slowing 
and world population eventually stab i 1 i zing--but for different reasons. 

The B position is remarkably close to the C position, but it tends to 
emphasize conscious and drastic efforts to reduce demand as the basic 
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method of solution rather than major efforts to increase supply. Indeed 
;S advocates argue that unless there are very intense and dramatic 
programs to cut demand and limit it permanently, the situation will turn 
out much as anticipated in Column A. Those who favor C, on the other 
hand, see the situation as rather close to the view in Column 0. However, 
they also believe that there are both more natural limitations to demand 
and more dangers in growth than the D people usually concede. The C 
people also depict some tew resources as fixed, limited and nonrenewable, 
but they argue that the growth of knowledge and technology will normally 
make ava i lable— though not always without problems and d i ff icul t i es--new 
sources and substitutes. Acknowledging that there will be incompetency 

and bad luck, causing serious problems, they doubt that these will be 

fatal. They visualize much more demand than A and B believe can be 

tolerated, but not so much more that it could not be met, even if it 
required expanding supply capabilities somewhat. 

in the last several years, the neo-Mai thus i an attitudes outlined in 
Columns A and B have gained great influence. Not too many years ago-- 
not more than a decade--most educated Americans would have placed them- 
selves in Column C, leaning toward 0. Today they tend to be in Column B 
and leaning toward A, and many unreservedly support that column's full 
neo-Mai thus ian conclusion. It has become increasingly fashionable, 
especially among intellectuals at prestige universities and among 
spokesmen in the most respected newspapers and journals as well as 
on television, to attack economic growth, capitalism, industrialization, 
the consumer society ana related values. Casual references are made 
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to our vanishing resources, the end of the "energy joyride," our increas- 
ingly "suicidal" pollution, our "self-destructive materialism," the 
poverty of our emotional and aesthetic lives, the disease of "consumeri tis" 
and the need to "kick the energy habit." The United States is usually 
singled out as the prime culprit in this indictment: it has only one- 
sixteenth of the world's population, yet with incredible selfishness and 
shortsightedness, it has been allocating to its own use about one-third 
of the world's nonrenewable resources. 

We believe that the movement toward Column A--propelled by a 
combination of compassion and guilt for the plight of the world's poor 
and the coincidental occurrence of worldwide crises in the supply of 
food and energy — has gone too far. Spurred now by wel 1 -publ ic i zed 
studies, it has acquired a momentum of its own which, if continued, will 
only deepen the malaise it depicts and make longer and more difficult , 
the recovery that is required. We believe that plausible and realistic 
scenarios can be written consonant with a view that sees the world 
moving from column C toward column D. We argue that there is both need 
and opportunity for growth, and that because America and the rest of the 
nations of the developed world do use resources so intensely, there will 
be stimulation, not depression, for the economies of the less developed 
countries. In fact, as we will discuss in the next chapter, the clearest 
moral and political argument for further growth in the developed world 
(and against artificial and forced limitation) is that it aids the poor 
both within and outside the developed countries. 
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Despite the confident tone of these last few pages and some of our 
•■arlier discussion, we would like to stress that in no sense do we wish 
to play down the importance of the issues raised by the neo-Ma I thus i ans 
or to assert that there are no serious problems. While we generally 
tend to be optimistic about many of them, we recognize that very unpleasant 
situations can a r i se-- poss i b i 1 i t ies which must be dealt with competently 
and responsibly. We also believe not only that this can be done, but 
that is many cases it already is being done. Finally we feel that even 
thouqh the costs and risks are great, the effort to achieve a postindustrial 
society in on balance a worthwhile one; and further, that priorities which 
emphasize technological advancement and economic growth, but with prudence 
and care, are likely to be acceptable and beneficial. 

Thus our disagreement with advocates of the 1 i mi ts- ito-growth posi- 
tion sometimes is that they raise false, nonexistent or mi sformul a ted 
issues; equally often, it is not that the problems they raise are unreal, 
but that we believe rather straightforward and practical solutions can 
be found in most cases. In fact, it is one of the main purposes of this 
volume to set out at least: a fortiori solutions to many of these "in- 
soluble" problems. In our view, the more intractable and basic diffi- 
culties usually lie much less in the nature of things than in recent or 
current policies, in unnecessarily poor administration or sometimes in 
just plain bad luck. Most important of all, if successful programs are 
devised to deal with old problems, then inevitably new problems are 
uncovered and new goals are set; to those who take the initial success 
for granted, it may then seem as if nothing has been aucomp I ished. 
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Watersheds of History 

The two great watersheds of human history (excepting religious 
events) have been the agricultural revolution, which started in the 
Middle East's Fertile Crescent some 10,000 years ago, and the Industrial 
Revolution, which began in Holland and England about 200 years ago. In 
much the same way that the agricultural revolution spread around the 
world, the Industrial Revolution has been spreading and causing a 
permanent change in the quality of human life. However, instead of 
lasting 10,000 years, this second diffusion process is likely to be 
largely completed within a total span of about kOO years, or roughly by 
the late 22nd century. What we call the superindustrial and postindus- 
trial economies will be emerging during the late 20th and early 21st 
centuries, to be followed eventually by corresponding changes in insti- 
tutions and culture until a new and appropriate society has been 
developed.* 

In order to characterize the nature of these changes, it is useful 
to distinguish four kinds of economic activities: primary, secondary, 
tertiary and quaternary.^ 

PHmarx economic activities are extracti ve— principal ly agriculture, 
mining, forestry and fishing. One can think of the corresponding society 


trial I II! a " th ?r s have deve l°Ped and expanded notions of postindus- 
dpnti ! a V '^t'tutions and culture. Preeminent among these in the 

a ? d ,T h ! StlCatl ° n ° f the ' r anal * ses are Daniel Bell's The Post- 
Venture in $cc i. ! Forecasting (New VorkHlffe 

Drucker'PlL Aoe el ni “ e . Y d ! ffei ; e " t " iar,r,f ‘ r and emphasis, Peter 
111?- A 9 e Qf Discontinuity (New York: Harper £ Row, 1969). 

+ The terms "primary," "secondary" and "tertiary" were first used in 
this sense by Colin Clark, Research Fellow at Monash University, Melbourne 

fKi er^'Ss' 5 " HUdS °" “ — ".Ki 
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inc i culture as being organized to "play games with and against nature- 
i n d lor protection against "barbarian" invaders and raiders; in such a 
society the ratio ot rural to urban dwellers is in the range of twenty 
to one, with the former supporting the latter by some kind of primary 

activity. 

Secondary economic activities have to do with construction ana manu- 
facturing. The corresponding society and culture, primarily urban, are 
organized mainly to "play games with and against materials, as well as 
against nature," and the other major activity tends to be organized war- 
fare, both offensive and defensive. 

initially the emerging post industrial economy will be characterized 
by a service economy, emphasizing what are called tert_i£ry econom i c 
activities— services that support primary and secondary activities, such 
as transportation, insurance, finance, management, many governmental 
activities, mucn education and training. Nature becomes a relatively 
controllable variable aid constraints set by materials become less and 
less important as technology and affluence increase. This results in a 
society and culture, probably more suburban than urban, whose major 
activity is "games with and against organizations." and which is charac- 
terized by a structural society which emphasizes organizational and 
professional pluralism in the distribution of power and prestige. 
Knowledge rather than experience becomes the major asset and there is an 
increasing problem of "educated incapacity ."' 1 Wars no longer "pay" and 


* 8y educated incapacity we mean an acq u i r ed or Jza ^^Jjabim^o 
-mrwsrand or see a problem, much less a solution. Increasingly, the 
sSl^FC-or- .« -ifesi wore educated, a person is the wore l.«ely 
he is to be affected by this. 
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the recourse to large-scale organized violence becomes restricted 
generally to defensive situations or attempts to preserve some aspect of 
the status quo. 

Eventually, in the 21st century, we should expect a transition to 
a different kind of service economy, to what we term a quaternary , 
or truly post ihdustr ial , economy. Here the primary, secondary, and 
tertiary activities will constitute only a small part of human endeavors; 
more and more people will do things for their own sake, and even more 
than today ends will become more important than means. Indeed there will 
be a tendency to choose means which are also ends, and at the same time 
in many situations the distinction between ends and means will gradually 
disappear. This attitude is also often found in a primary or pre- 
industrial society, and there are, in fact, great similarities between 
our view of a likely postindustrial society and many pre- i ndustr i a 1 
societies. This quaternary society can be characterized as emphasizing 
people "playing games with and against themselves, with and against 
others, and with and against communities." We hope that the emphasis 
will be more on "with" than "aga i ns t ," but both will be cl early possible. 
At first sight the problem of war appears anomalous in this context, but 
there may well be possibilities for both offense and defense; there will 
certainly be issues of the use and control of violence. The major 
quaternary act i v i t ies--of ten constituting what we now more or less 
consider leisure act i vi t ies--coul d include the following: 

Ritualistic and aesthetic activities (perhaps creating special 
structures and environments), including the evoking of images 
or feelings of splendor, pride, pomp, awe, and communal, ethnic, 
religious or national unity or identity; oneness with nature 
and the universe, and various "explorations in inner space." 
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The creation of taboos, totems, demanding religions, traditions, 
tnd customs; arbitrary pressures, constraints and demands; 
diorai and social eauivalents of war; some other pressures and 
risks, including those involved with some of the more bizarre 
forms of "discretionary behavior." 

Reading, writing, painting, acting, composing, musicianship, 
arts and crat ts--par t i cu la r 1 y if done for their own sake. 

lour ism, games, contests, rituals, exhibition and performances. 

Gourmet cooking and eating, an aristocratic and formal style 
of life, epicurean and family values (including visiting, 
entertaining and "togetherness"). 

Hunting, fishing, hiking, camping, boating. 

Acquisition ano exercise of nonvoca t iona 1 skills. 

Improving property (roneconom i ca 1 I y motivated), such as by 
gardening, upkeep, irterior decorating and the use of home- 
made artifacts. 

Conversation, discussion, debatinq and politicking. 

Many other cultural and social activities. 

Most welfare and social security functions. 

Other "recreation," including the search for chanqe, broadening 
experiences, adventure, excitement and amusement. 

Many public works and public projects (e.g., some space activi- 
ties, some underseas exploration, most protection or improvement 
of the environment, monumental archi tecture) . 


i he transition to a society principally engaged in quaternary activi- 
ties--a transition likely to be well under way in the next c:entury--wi 1 1 
nark the third great watershed of human history. Future ages will 
undoubtedly look back at what happened in these four centuries of economic 
development and technological advancement as mankind's most effective and 
pervasive transf ormat i on- -f rom a world basically inhospitable to its few 
dwellers to one fully commanded by its expanded multitudes. 
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Of course there will be problems. Some of them are likely to be: 
wishful thinking, illusion, decadence, educated incapacity and a kind of 
violence prone boredom. Furthermore, we suspect that, even if the society 
were to work as we outline in this image of the future, many of our 
readers will be somewhat unhappy with the prospect and wonder whether 
mankind really wishes to "stagnate" in such a total quaternary society. 

We believe that at least for a time most people would generally enjoy 
this pos t i ndus t r ia 1 society, but there would be many who would not. For 
them it simply would not be exciting and challenging enough; indeed it 
might be rather boring for many ambitious, advancement- and achievement- 
oriented people (though there will be many fewer such people). We 
rather suspect that space will be the major focus for many of these 
people, and that the existence of such a frontier--as a locus of dynamism, 
initiative, and entrepreneursh ip--wi 1 1 be very healthy for the quaternary 
society that is developing on earth. 

None of this should be taken as denigrating the possibilities that 
actual income and resources from space could be important to the earth, 
that space could generate many economically and technologically profit- 
able activities, and that exploitation of space could serve as a major 
positive economic and technological influence on our earth-centered 
perspective. But our point is that mankind will seek to explore and 
exploit space not just for its economic and technological reasons, but 
because it will be seen as a psychological and moral frontier. There 
will always be some for whom even the most utopian society on earth will 
be an empty or inadequate achievement; for many of these, space will not 
be the last frontier, it will simply be the next frontier. Thus the 
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■volution of a pos t i ndustr ia 1 society on earth need not be the end of 
sian’s future, but a beginntng--a base from which to start the journey 
across yet another great watershed in human history. 

We believe that many well-intentioned people are being distracted 
rrom mankind's real tuture problems and possibilities by issues that 
appear central today but are in fact largely temporal, peripheral or 
badly formulated. We are presenting here a scenario for America and the 
world that sees the dominant issues of today-population, economic growth, 
energy, raw materials, food and po 1 1 ut i on--as basically solvable or 
resolvable in the near- and medium-term future, transitory issues of a 
transitory era, the problems of a time between world penury and world 
prosper i ty , 

We further suggest that many fashionable concerns of the day 
encourage the se I f -defea t i nq belief that our present problems are either 
hopeless or that efforts to solve them by expandinq supply will only make 
them worse. We, of course, believe that available skill, sound manage- 
ment and sensible policies can transform most of these issues into 
memories, and that by coping with them successfully we will gain the 
incentive and the morale needed to face the real Issues of tomorrow. 

All problems will not be solved or avoided, but the human costs involved 
in qettinq from here to there can be significantly reduced, and every 
aspect of the trip can be facilitated. And the prospect of doing all 
this should help to alleviate many current problems of morale and commit- 
ment. of direction and purpose. 
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Chapter 2 

TURNING POINTS IN THE GROWTH OF 
POPULATION AND PRODUCT 

A basic assumption underlying our 400 year earth-centered scenario 
is that the rates of world population and of economic growth are now 
close to their historic highs and will soon begin to slow until roughly 
100-200 years from now, they will level off in a more or less natural 
and comfortable way. Such an evolution obviously must have a very 
different impact upon the prospects for mankind from that of the scenarios 
currently forecast by many advocates of the 1 i ml ts-to-growth position, who 
often assume that growth rates will be exponential until limited by physical 
barriers. Some of these advocates have argued that exponential rates 
would not only exhaust the earth's resources but produce — after a number 
of doub 1 ings — a population covering the Planet's surface and expanding 
away from it into space. But in any perspective there must eventually 
be limits to population growth which obviously must occur long before 
such growth would result in a compounding calamity of scarcity, famine, 
pollution and accompanying social disorder. 

Our perspective, consequently, foresees a gradual slowing-- in per- 
centages but not necessarily in absolute terms — of these rates in a world 
of growing prosperity, which may be the main reason for the reduction. 

That is, a reduced or leveled-off demand rather than inadequate supply will 
drive the transition. In our view, the resources of the earth will be 
more than sufficient — with a wide margin of safety — to sustain, for an 
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indefinite period or rime and al high living standards, the levels ot 
population and economic growth we project. In this chapter we will 
present evidence and analysis, first, for a turning point in Che rate of 
world population growth, perhaps during the American Bicentennial year, 

,nd second, and less convincingly (but we believe still persuasively/, 
for a relatively early turning point in the rate ot world economic growth, 

perhaps in a decade or two. 


Population in Perspec tiv e 

The picture of world population growth that exists today in the rrmds 
f m ost informed persons resembles the one shown in Figure 2 — that is, with 
population rapidly accelerating from the beginning of the Industrial Revolu- 
tion to the present, where exponential rates would nave it doubling in less 
i han 35 years. With this curve rising ever more steeply, it seems clear 
hat history's course car lead only to disaster. 

Figure 3 presents a snarply different perspective. In the diagram 
on the left, three 60-year population growth-rate curves are illustrated, 
■ach of which reaches a maximum within the next tew years. I he slowest 
of these (A) is based on the United Nations Population Bureau's "medium 
/ar iant projection; the second (B) assumes higher rates and is used i. 
many of our "surprise-tree" projections; and the third (C), with stnl 
higher rates, is used in some of our a fortiori projections. 

1 he "surprise-tree 1 projection is one that assumes innovation and 
i regress that would not be surprising in the light of past trends and 
current deve lopments- -that is, it is based on extrapolations oi current 
or emerqinc tendencies and expectations. 

’lie a fortiori projection used here is one that; is mostly based on 

urrent--or near current-- techno logy and avoids the assumption ot great 
future improvements ike those that have characterized past historical 

•xper i ence . 
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Seen in this perspective, the problem of exponential population growth 
appears almost to be solving itself. There can, of course, be no certainty 
that these projections will prove to be accurate, for we have only the 
available data and demographic theory on which to rely. But these consti- 
tute a historical basis for forecasts and strongly suggest that fears of a 
population explosion should disappear within the next half-century. By 
then, if these projections are reasonably correct--and we have deliberately 
avoided centering our argument on the most optimistic of these (A)--the 
population worries and alarmist exhortations of the 1 960 1 s and 1970's may 
well be recorded as an amusing episode in human history. 

The diagram on the right in Figure 3 extends population growth rates 
to plot a forecast for our 400-year transition scenario. This time frame 
shows even more clearly the rapid rise in population growth rate and its 
anticipated fall; and when one looks backward from 2176, the temporary 
nature of the current population phenomenon becomes very obvious. 

Finally, in Figure ** we present a much longer time perspective on 
population growth--l6,000 years--in which current rates of growth appear 
as a momentary spike, or blip, in an otherwise smooth line. It is, of 
course, a blip that has created a vast change in the nature of the world, 
and it appears especially meaningful to us since we are probably living 
at its very apex. The clear message of this last perspective is that 
despite--or perhaps because of--the anticipated twentyfold increase in 
world population over the 1776-2176 period, any expectations of exponential 
population growth continuing over appreciable periods of time can only be 
a delusion, at best a rather na’i've extrapolation of an unusual human 
experience into the indefinite future without a real understanding of the 
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dynamic forces involved. To those who cry out that this exponential growth 
must stop, the answer is that it does in fact appear to be stopping now, 
and not for reasons associated with desperate physical limitations to growth. 
Therefore, except for some particular problems in certain geographic areas, 
our attention can be more profitably placed on the attending social changes, 
the time scale of the process and the special problems raised along the 

way . 

We would like to add one further point that could carry the problem 
of population growth quite literally into another realm and which may strike 
many as fanciful or even absurd. It is our strong feeling that we 
may have oversimplified the discussion by ignoring potential future tech- 
nological developments that could provide new solutions as well as encour- 
age new cycles of growth. One such development— which seems entirely 
feasible during the next century-is the construction of ocean-based facil- 
ities, especially, very large, partially submerged, but floating industry- 
oriented complexes. Current studies and some actual construction indicate 
that these structures can be substantially less expensive than comparable 
land installations when the ratio of volume to area is sufficiently large. 
(Some major savings occur because the structures are invulnerable to 
earthquakes and high winds.) With modular designs, such structures could 
be made quite large— approaching the size of a small city. We can only 
guess at the impact of such a development, but we do know that the useful 
area that oceans can provide for such ventures is large and often strate- 
gical ly situated. 

* John P. Craven, "The City and the Sea" (Honolulu: University of 
Hawaii, Marine Programs, rev. February 12 , 1975 ). 
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Another likely development to be considered is the previously dis- 
cussed possibility of migration to outer space. Speculation on such 
activity is still greeted by most observers as the stuff of far-out 
fantasy; yet within the past two years a growing number of serious 
scholarly studies have not only asserted a technical feasibility for 
colonization in space but: have also indicated an economic viability as 
well. Were such an event to begin and be successfully maintained, it could 
conceivably lead to a massive migration over a century or more and, as with 
major migrations of the past, initiate a new--and des i red- -cycle of popu- 
lat ion growth . 

These are only two of numerous possibilities; technological progress 
during the next fifty years will bring forth many more scenarios that 
simply would not be taken seriously at this time. The total effect of 
new technology on future population growth can only be guessed. Instead 
of the desire for more living and working space, an unknown potential 
for a better quality of life may turn out to be the major incentive for 
the creation of such "new worlds" in oceanic and/or outer space. In the 
past such an incentive has been powerful and a spur to population growth. 
However, none of this speculation is vital to this chapter, though 
exactly such developments could dominate the future. 

For example, Gerard K. O'Neill, "The Colonization of Space," Physics 
Toda y , September 1974, pp. 32-40; Krafft A. Ehricke, Exo ind ustrial Pr oduc- 
tivity; the Extraterrest r ial Imperative of Our Ti me ( E 1 Segundo ~ C a 1 if . : 
North American Space Operations, Rockwell International Corporation, May 
1975); and T. A. Heppenheimer, "R&D Requirements for Initial Space Coloniza- 
tion," Astronaut i cs and A eronaut ics , December 1975. 
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It should be noted that there is plenty of room in almost all coun- 
tries for everybody to have a suburban lifestyle. For example, in such 
places as Holland, Bermuda or Westchester County (all of which are con- 
sidered almost ideal areas in which to live) we find that population densi- 
ties range between 1,000 and 2,000 per square mile. This means that in 
10 percent of the United States we have enough room for from 300 to 600 
million people, and thus we have 90 percent of the land left over for 
recreation, agriculture, industry and various other purposes. This con- 
clusion even applies to the more populated countries in Asia, where the 
population densities are not unduly high (about 500 per square mile in 
India) . 

We also believe that comparison of the results of experiments on 
high density caged rats to modern urban life is completely misleading; the 
real issue is not really one of raw population density but one of floor- 
space and structured community. Cities of the future will not be as 
crowded as were those of the ancient world, where people lived clustered 
within protective walls. 

The Demographic Transition 

The anticipated reduction in the rate of worldwide population growth 
is best explained by referring to what is known as the "demographic transi- 
tion," which we do not consider a hard-and-fast theory but a description 
of historical experience, replete with exceptions, anomalies and occasional 
reverses. For our purposes it depicts the change that has occurred, and 
that seems likely to occur in the future, in population growth rates 
during the successive stages from pre- industrial to postindustrial society. 
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in the pre- i ndus tr ial stage annual birth rates were about 40 per 
thousand, a rate determined largely by the maximum number of children 
that could be born under prevailing local conditions. There were 
undoubtedly wide fluctuations in local populations as death rates were 
effected by sporadic calamities (wars, famines, plagues, floods and 
other natural accidents), but overall these kept pace with birth rates, 
permitting only a slow, almost imperceptible rate of population growth. 

Then, as the process of economic and technological development 
gathered momentum, following the onset of industrialization, productivity 
increased and food distribution was regular i zed-- reducing famines and 
famine- induced disease — and more resources were devoted to improvements 
in public health and safety. The consequent decline in death rates — 
with birth rates remaining high--caused a rapidly increasing population. 
As industrialization matured in the developed nations, a third stage 
was reached when parents began to have fewer and fewer children, 
prompted by the reduced value of children as economic assets combined 
with the increased cost of rearing them and the erosion of traditional 
religious and social pressures for large families. The result, co- 
existent with a leveling of the death rate, was a decreasing rate of 
population growth. Finally, as the world moves into the super- and post- 
ndustrial stages, birth and death rates have both been leveling off, the 
world eventually will again reach an eaul librium in population, similar 
to that of the pre-industrial stage. However, we still expect short-term 
fluctuations in birth rates triggered by transitory events such as wars, 
depressions or unusual prosperity. 
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Many demographers and economists now believe that this transition 
will occur, or is even now occurring, in the less developed countries 
just as it has in every country of the developed world, and that the 
process is in fact accelerating. Historical evidence seems to support 
this conclusion that the demographic transition is compressing. The time 
required for the transition to very low growth rates in Western 
Europe and North America was 150 years (1775-1925), for the Soviet Union 
it was 40 years (1910-50), and for Japan it was only 25 years (1935-60). 

The most recent estimates show a definite decline in crude birth rates 
in the 1 960 1 s for 15 developing nations and a probable decline for 
eight more. Since these figures represent all major world regions 
except sub-Saharan Africa, it is possible that the 1 960 1 s marked the 
beginning of a worldwide decline in the fertility of developing nations. 

None of the above implies that a continued drop in world population 
growth rates is inevitable, but our "surprise-free" projection is that 
the world's population is on the verge of passing through the inflection 
point of its growth and that in 200 years it will total approximately 15 
billion, give or take a factor of two. Nonetheless, for the purpose of 
this book--setti ng forth a scenario showing the feasibility of high 
standards of living in a future world with a large population--we could 
have projected a population of 30 billion, retained the earth-centered per- 
spective, and still made our case. In order to demonstrate the enormous 
leeway we believe will be available to a population as large as 15 billion, 
we now set forth our explanation of why we expect most of the world's 
developing nations to achieve rapid and sustained economic growth. 
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Economi c Growth, Yesterday and Today 

in the nations of Western Europe and North America, where industri- 
alization began, economic growth was a slow and extended process of 
acquiring capital, resources, learning and technology. Invention to 
application, as well as investment to return, were activities that spanned 
decades. In the United States, for example, it took about ZOO years to go 
from $250 to about $7,000 in per capita GNP; the process went much faster 
In Japan, but still it took more than a century to go from about $100 to 
about $4,000. Today we would expect the process to go much more rapidly 
In many of the developing nations, the central reason for this beinq the 
existence of the gap between the developed and the developing that many 
deplore as the source and cause of underdevelopment. In the following 
pages we will describe ten forces that will aid this growth, each unique 
to the developing nations and each taking advantage of the gap between 
them and the developed nations. 

3ut before going on to examine these positive factors, we must first 
note that there are many aspects of the current world envi ronemnt that: do 
not facilitate development — that is, ways in which the developed nations 
might actually impede or even reverse progress in the developing nations. 
Some of them are: excessive destruction or damage to indigenous social 
structures, morale, or traditional beliefs and character; the generation 
of excessive expectations; harmful or excessive exploitation by foreigners 
political and social unrest and other strains caused by the foreign 
presence itself; misolaced benevolence; and harmful fashions or ideologies 

Probably most important among these are the many effects that can 
result from the imoact of two cultures on each other--par t icula r 1 y when 
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one of the cultures is more modern and powerful, or at least is judged 
to have many features that seem worth adopting. The impacted culture 
can develop a rather severe inferiority complex or other pathology. Many 
experts once considered this desirable in that they saw the goal of 
development as the breaking apart of the old society and the rebuilding 
of a new society more or less along Western lines. But this view has 
generally been replaced by the belief that there should be mutual adapta- 
tion. The Japanese, and to some degree the Chinese, have shown us that 
it is often very worthwhile to save much of the old society, to attempt 
to reform, modify and adapt the new techniques, technologies and institu- 
tions so as to fit them into the existing f ramework--and , of course, vice 
versa. It now seems likely that each society that successfully modernizes 
will find its own way to industrialization and then eventually to a post- 
industrial society. Thus, this process may be analogous to the perspec- 
tive common to Asian religions in which there are "many mountains up to 
God and many roads up each mountain." 

Keeping in mind these problems posed by the West for the developing 
world, let us return now to our examination of the ten forces we see as 
making possible an acceleration of economic growth in most of the under- 
developed nations. 

1 . Availability of capital, markets and technology 

We begin with the Middle East as the most spectacular example. 

There may be more than a trillion barrels of recoverable oil buried 
beneath the sands and waters of the Middle East, particularly around the 
Persian Gulf. Civilized people have lived there for almost 10,000 years; 
yet this treasure was practically unused until quite recently. At 
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current prices (roughly $12 a barrel), the nominal value of Middle 
sast oil is $12 trillion, or twice the total real tangible wealth of the 
United States. This is misleading, though, since the oil is buried arid 
mostly not avai lab le--or usable--for a long time to come. For a fairer 
comparison, one can think of the oil as generating an income stream of 
about $50-$100 billion Der year over the long-term. If this is dis- 
counted between 5 and 10 percent a year, it implies a total present 
value between $1 trillion and trillion, or, roughly speaking, about: 
a third of the real tangible U.S. wealth. 

What created this wealth? First, of course, it was nature; second, 
•lad almost more important, it was the fact that the developed countries 
of the world were not: only eager to buy and use this oil, but were able 
and willing to furnish the wealth, capital and technology necessary to 
find and exploit it. The Middle East countries had to be able to strike 
a barqain for their share of the income, and it is true that for many 
years tney got relatively little ("relatively little" here means about 
i 5 $10 billion a year). 

With full credit to nature and to the governments and people of the 
Middle East, we think it fair to say that it was the existence of the 
developed nations that made most of the difference between the value of 
hat oil 50 years ago and its value today. Of course the developed world 
•lid not create this wealth in the Middle East out of altruism. Neverthe- 
ess. the fact is that the industrialized world needs huaie amounts of raw 
materials and other products and has the capital, technology and institu- 
tions necessary to help utilize almost every kind of resource in the 
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developing world. Therefore, almost anywhere in the world, if a country 
has anything usable at all--from a minimally decent labor force to almost 
any kind of minerals or tourist attract ions--these resources can usually 
be identified and then exploited to the mutual benefit of the host 
country and outside countries. There is often an initial need for help 
from outsiders, but even then, within a decade or two (if appropriate 
policies are in effect), indigenous personnel can take over the day-to-day 
operations, become first professional workers, then managers and finally 
owner/operators. Further development can then generally be carried 
through with largely indigenous means, or at least with the host nation 
and/or its nationals clearly in the driver's seat. It is also worth 
noting that even if the task of development has to be shared for a while 
with outsiders, which may often include transnational companies, this 
mutual effort usually involves less cost and in some cases even less 
exploitation than would have occurred with any comparable process in the 
past . 

We are not, of course, arguing that the West can create anywhere 
else in the world the kind of overnight rags-to-r i ches story that the 
Middle East has seen. What we are saying is that analogous, though more 
limited, events are going to occur in many developing nations, and we 
can already cite the examples of Malaysia and Indonesia with tin and 
rubber , and Zambia and Chile with copper. At first this will involve 
mostly the so-called "coping" nations (those which have developed useful 
resources and have been able to utilize the income from them to acceler- 
ate their per capita economic growth), but eventually even many of the 
non-coping will be more or less pulled forward because of the gap between 
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them and the more developed nations — because of the reduced competition 
from the now relatively developed coping nations. 

? , Export of laboj 

From I960 onwards Spanish emigration grew rapidly and reached an 
annual level of around 100,000 — representing 10 percent of the entire labor 
lorce. Host of these were "guest laborers" in other European nations 
(that: is, migrant workers). Not only did they send home substantial earnings, 
but they also saved money, most of which they brought back when they returned 
to Spain. They also picked up important skills while away. This process by 
itself has been sufficient to greatly facilitate development, not only in 
Spain but in all of southern Europe from Portugal to Turkey, in some parts 
of North Africa, in much of Latin America, to some degree in South Korea and 
to a lesser extent in Taiwan. It may soon be an even more important factor 
in some of these nations and also could occur in many other parts of the 
world; in fact, it might be very important to try to stimulate wider partici- 
pation in the future on both sides by both the senders and receivers of 
such labor. 

One conclusion of our present studies is that, once the current 
recession Is over, a pressing problem of the next decade or two will he 
an enormous labor shortage in the developed world, particularly in jobs 
that can usually be found at the bottom of the socioeconomic ladder, 
citizens in the developed countries no longer wish to perform these tasks 
since they have many better opportunities. This labor shortage will co- 
exist with an even larger labor surplus in the developing world. It is 
of course difficult to bring these two needs together, because many 
countries — for clearly stated reasons — do not wish to follow a policy of 
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relatively unrestricted migration. Therefore, we do not expect an 
acceleration of the movement of the late 1960s and early 1970s, when 
there were perhaps twelve million legal and illegal guest laborers in 
Europe, and perhaps three million illegal Latin American immigrants in 
the United States. But it ought to be possible to organize a systematic 
movement of temporary labor, combined perhaps with some kind of education 
or training, in which workers will be exported from the Third World to 
developed nations, where they will reside for periods varying from six 
months to three years and then return to their own country with capital 
and skills. In order to ensure their return, it might be possible to 
have the host government pay part of the earnings after the guest laborer 
returns home. Potential problems with labor unions might be alleviated 
if the guest laborers contribute modestly to union dues or even to their 
pension programs, ensuring that indigenous union members would gain from 
the use of guest labor. (Both might even be employer contributions). 

Many might call this indentured labor or exploitation, but not the 
laborers themselves, who would be able to earn perhaps ten times the 
wages in their own countries (where many are grateful to have any kind of 
job at all) and to pick up useful skills and experience as well. 

There Is, of course, a problem with the poor in the host country. In 
some countries, particularly the United States, there is some competition 
for these jobs at the bottom of the economic ladder (particularly at times 
like the present and recent past--of persisting unemployment). It would 
be wrong to introduce this process too early and on too large a scale; 
but in many more homogeneous countries this problem hardly exists at all. 
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Many European businessmen (and some Americans), rather than use 
uuesr laborers , have found it more desirable to move theiir labor- 
intensive factories ro a ueveiopinq country and use its indiqenous labor, 
in many ways this is botn less expensive and more convenient than movinq 
the labor to the work. Of course, an important condition is the belief 
tea t the financial and political milieu is, and will rema in, stable. It 
is ratner interest inn that this movement has spread to Eastern Europe. 

)1 ten via the mechanism of the joint enterprise, as well as elsewhere in 
the world. The most spectacular examples have been the Japanese in 
la i wan and South Korea, and. to a lesser but still important degree, the 
ini r >.d States in both East and Southeast Asia; and Mexico has the so- 
aiiad 'border industries, 1 which--often at distances many miles from 
i oe border- -can import parts and materials from the United States and 
« -export finished products, paying U.S. import tax only on the value 
added by the Mexican factories. 

if this kind of oDportunity can be made more generally available, it 
i 1 probably do more to expedite development and increase the standard 
of living in both the developed and the developing nations than almost 
.my other sinqle prog'am we know of. To be sure, such a proqram 
must be designed with care and carried through with some intelligence 
and flexibility to prevent either excessive dislocation or excessive 
dependence in both the developed and the less developed worlds. There 
would have to be. on the one hand, protection of certain important 
ndustr tes and hedoing aciainst activities, like those of the Organization 
of Petroleum ExDortinq Countries (OPEC), perceived as "hostile 1 and, on 
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the other hand, protection against instability and excessive influence. 

For example, it would not be in the interest of the United States to 
"export" 90 percent of its steel and automobile industries, an unlikely 
but possible outcome if this process were allowed to continue for decades 
without controls. However, the gradual export of about a third of these 
industries would probably be viable. 

4. Tourism 

Two decades ago tourists traveling to Spain numbered about 5 million 
a year. Today Spain receives about 35 million foreign visitors a year 
(about 10 percent more than its population), who spend on the average 
about $100 each. Most countries do not have that many tourists, but in 
some the amount spent by each tends to be higher. In Spain's case the 
$3-5 billion it derives from this source is sufficient almost by itself 
to guarantee successful development. Tourism also plays and important 
role in Portugal, Greece, Mexico, South Korea, Taiwan, Hong Kong, Italy, 
much of Southeast Asia, North Africa and many parts of Latin America. 1 
In fact, in many of the coping countries tourism is doubling every two 
or three years and soon may reach quite high numbers. 

It seems reasonable to assume that by the end of the century tourism 
will be one of the largest industries in the world, if not the largest. 

As closely as we can estimate, it should continue its current tendency 
to increase by 10 to 20 percent a year until about the year 2000, when 
the familiar S-shaped curve might start operating here also. 

It is easy to see why this should be so. People seem to have an 
almost insatiable desire to travel; and for increasing numbers the money 
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and time available for travel have been growing, while the facilities 
or traveling have become more convenient and less expensive. Today few 
American tourists would find themselves dominated by cost or time consid- 
erations in choosing between a trip from New York to Seattle and one from 
flew York to Copenhagen. This attitude may eventually be held by tens of 
millions of people for almost any place, on earth. While much of this 
recreational traveling will go from developed countries to developed 
count r ies--or, increasingly, from developing to deve 1 oped-- i n enough cases 
the main recipient of the income will be the coping countries. Being 
host to hordes of tourists is not necessarily a pleasant way to facili- 
tate economic development, but for those who wish to develop rapidly, or 
even siowly, many sacrifices may be required, of which playing host to 
tourists could be one of the least onerous. 

Technology transfer 

Until about the time of World War 1, it was almost impossible to 
transfer moderately complicated technologies to other than Western 
European and North American countries, Japan or Russia. One reason for 
tiiis was that because the technology itself was both complicated and 
unreliable, its maintenance and operation were prohibitively difficult 
ind expensive, even in those settings where the technology and scientific 
technology are very easily transferred. 

One of the most start linq examples of the new technology is the rapid 
qrowth and proliferation of hand-held calculators and computers. The most 
advanced of these--pr i ced well under $1,000 and getting cheaper all the 
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time--are fully programmable, with ten computation-capable memories and a 
capacity for a hundred orders. Indeed, in many important ways these 
computers are as capable as machines that less than two decades ago would 
have occupied 2,000-5,000 feet of floor space, cost over $1 million and 
required a staff of five to ten persons to operate. Today more and more 
advanced technology is available to every country in the world. Each nation 
can now buy this technology, install it and expect reasonable operation for 
many years without extraordinary effort or training. The products are not 
restricted to producer goods, but also include many kinds of consumer goods 
which can make life happier, more convenient, and healthier — transistor 
radios, television sets, other appliances, home telephones, antibiotics 
and X-ray machines. 

But perhaps most important, we now know how to transfer highly produc- 
tive agricultural technology. It is true that in many cases it is not 
possible to transfer such technology directly from the developed world to 
a specific developing country. Indigenous research must first create 
the various inputs needed for local agriculture, and the country must 
also construct adequate infrastructure and institutions. At the same 
time we do have the ability to design the necessary programs, at least 
for most circumstances and places. 

6 . Availability of useful examples , 
institutions and individuals 

In some ways the most important achievement of the Western nations 
was to blaze the trail of development. Now, however, much more has been 
done. There are so many developed countries today, providing a wide 
range of examples of how to do i t--and even more countries that provide 
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examples of how not to do it. There are also many institutions facilita- 
ting growth in the developing countries. These countries are learning 
from those institutions, and from various experiences both at home and 
abroad. Why does the developed world not make greater efforts to transfer 
those institutions and knowledge? The most obvious answer is that 
exchanges already occur quite efficiently and effectively at the private 
level, mainly through schools, journals, books, sheer visibility, actual 
work experience, and various other contacts and experiences. Most prob- 
lems that do exist, with the exceptions noted later, are with the students, 
not the teachers- -though clearly the teachers could do much more, and to 
an increasing extent many of the academic and international organizations 
seem to be teaching wrong or irrelevant lessons. 

To some degree, if a developing country lacks sufficient indigenous 
skills or organizations, it can hire them or persuade the developed world 
to supply them. This is very useful, particularly if it is recognized 
ns being a temporary or interim arrangement. Sometimes the pride ot the 
developing country or of individuals there impedes such arrangements, 
particularly if the outside institution or individual comes not from an 
industrialized nation but from another Third World country. Vet often 
the most suitable and appropriate help can come from another nation at 
nbout the same level, or one just a little more advanced than the country 
being aided. Sometimes special arrangements can be made to make this 
kind of aid acceptable — especial ly if it is a commercial arrangement, which 
is indeed one of the great virtues of commercial arrangements. 
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7. Importation of "pollution" 
and "menial 11 activities 

It is common today to sneer at the concept of shifting polluting 
and annoying activities to the developing world, as if it were unfair or 
even immoral to do so — a particularly reprehensible exploitation of the 
Third World. Practical people understand that this is not so. The poor 
and the untrained have always done the dirtier and less pleasant work, 
and this is true among countries as well as within them. In fact, 
one of the main opportunities for the poor and the untrained is to under- 
take those activities which the affluent and well-trained no longer wish 
to do for themselves or can no longer find local people willing to do. 

Of course one must be reasonable. We do not expect poor and un- 
trained people to accept risky or unhealthy occupations, and there is no 
reason why a country should do the same-- for example, no country should be 
willing to import dangerous kinds of heavy-metal pollution, at least not 
under normal circumstances. On the other hand, some erosion of clean air 
and pure water standards is almost inevitable if there is going to be 
rapid development. But since many new ant i pol 1 ut i on technologies are now 
readily available, the sacrifices that may be made here are going to 
be much less than those already experienced by the developed countries. 
There is no particular reason why one should look askance at this process 
or feel in any way uncomfortable about it. In much of the Third World, 
the greatest pol 1 ution is poverty, and it is worth making very great sacri- 
fices indeed to reduce that blight rapidly and effectively. 
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8. Im po rt substitution 

'1 ten various industries in the developing nations buy many 
of their inputs---of both labor and mater i a Is-- from abroad at least 
initially, and this can result in real aggravation in the host country, 
in addition, the host country must pay a price that is a drain on its 
foreign exchange when it imports products for indigenous use. However, 
once these markets have been established, it is frequently an easy matter 
for the importing country's suppliers and manufacturers (and manpower) 
to compete effectively with the overseas exporter. Sometimes this compe- 
tition is greatly aided by government acts that encouraqe or force pur- 
chases from local suppliers and/or the hiring of indigenous labor. These 
regulations can be justified by the argument that it takes time to develop 
one's own production facilities and skill and that such encouragement 
and protection by the government help to reduce the time needed. But 
this argument can be pushed too far. Often industries or individuals 
protected by their governments are simply not able to develop a competi- 
tive capability, and the country is thus saddled with expensive supplies 
(or labor) which actually impede develoDment rather than facilitate it. 

While it is easy to see the benefit of such encouragement, it is 
difficult for people to envisage or measure the many activities that 
have been discouraged because of the existence of such a program; often 
the second consideration swamps the first, but the activity that failed 
to materialize because it was discouraged is not represented by any 
lobby or interest grouo--or even noticed. 
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One way to prevent excesses in this direction is to assist a local 
project solely through a tariff (or special taxon foreign 
labor) rather than using quotas or other compulsory measures. It is thus 
possible to measure clearly the advantage being given to the local sup- 
plier (or indigenous labor), and furthermore, if he cannot "make it" 
behind the shield offered by a high tariff (or tax), the country is not 
saddled by ridiculously high-cost and/or low-quality goods (or labor). 

If the outsider can manage to meet the local competition, even though it 
is protected by a tariff, he probably deserves to get the business, not 
so much as a moral or ethical issue but for the greater good of the 
country imposing the tariff. 

9 • Existence of a high order of 
external stabi 1 i ty 

We have already mentioned the fact that the Middle East is probably 
worth at least several trillion dollars. Rather remarkably, considering past 
history, it appears that if the various OPEC nations behave reasonable well, 
they are likely to be allowed to enjoy their wealth more or less undisturbed 
for some time, perhaps forever. True, some of them are spending billions of 
dollars for national defense, but in many cases they are more concerned about 
each other or internal security than they are about the outside world. 

What we have here is actually an unprecedented situation in world affairs. 
Let's look at the example of Libya, which currently enjoys an income of 
$7-5 billion a year from oil exports. While it is now estimated to have 
only 21 billion barrels of oil (worth at current prices, about $250 billion), 
if properly explored it would probably soon yield much larger reserves. 

Despite the fact that Libya has acted provocatively and irresponsibly in 
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supporting a number of extremist groups--Arab and non-Arab--we would hazard 
guess that Libya is quite safe from attack, although it has been esti- 
mated that a very small number of battalions of moderately well-trained 
and equipped Western troops could probably take over the country. The 
neighboring Egyptians, who could certainly make good use of the revenues 
from Libya's oil, have sufficient military power, and in many ways the 
rulers of Libya have gone to considerable trouble to antagonize the 
Egyptian leaders. Sti 11 i t would appear that Libya is reasonably safe 
From an Egyptian or other army's attack and subsequent occupation and 
snriexat i on . 

It is true that there is continuing interference in the internal 
of fa i rs of many developing nat i ons-- i nc 1 udi ng much subversion and corrup- 
tion by developed countr t es--and that other difficulties are created as 
by-products of this "cold war." However, in comparison with any earlier 
teriod. the developing nations are relatively safe from military threats 
ry the developed world (and in most cases from their neighbors as well). 
Even vulnerable countries can now go to rather remarkable lengths in 
provoking the industrialized world and still feel a rather high degree of 
safety. The most extreme case in recent history was, of course, the 
Vietnam War, in which extraordinary amounts of explosives were detonated, 
but with a greater degree of restraint than in World War II. Though the 
tonnage of bombs dropped was larger, triere was nothing in North Vietnam 
remotely like the damage done to Rotterdam or Hamburg--and the vital 
canals were safe from all but accidental bombing. 
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Some years ago Costa Rica disbanded its army (though not its police 
force), arguing that its security was not dependent on having such a 
force. While few countries would do likewise, it is still true that for 
most nations, particularly many of the less developed countries, the 
burden of providing for the national defense has never before represented 
such a small portion of the national economic and human effort. 

10. Foreign aid 

This factor is placed at the end of the list because for the most 
part foreign aid seems likely to play a relatively small role in the 
future, even smaller than it has in the past. We say this because unless 
foreign aid becomes a much larger and more productive force than expected, 
the nine other factors will tend to make its role relatively small. 

There is also a counterproductive aspect of foreign aid in that it is 
often given not to help the poor nation but to salve the conscience of 
the rich donor nation. 

Aid motivated by this kind of guilt can result in the misformula- 
tion of issues and atti tudes on the part of the donor that force or influ- 
ence the receiving country into counterproductive programs (for example, 
furnishing expensive social services it cannot afford or trying to make 
the development process much more uniform than is practical). This is 
not to say that attempts to make development more uniform or increase 
social services are always wrong; but it is quite easy for a wealthy 
country to overestimate needs and to suggest a new emphasis that can 
turn out to be self-defeating for the developing country. The example 
of New York City is revealing. One could argue that almost all of its 
programs were perfectly reasonable; the city is rich and could afford 
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substantial social services, welfare, and many other burdens. The problem 
is that New York did riot make selections but chose to pursue all programs 
simultaneously — a course which no city can afford today. The same is 
often true of poor developing countries: they must choose very carefully 
among available goals and options. 

We hope we have now made plausible our belief that the coping poor 
nations will soon grow more wealthy. The mix of economic forces varies in 
different countries, but the overall direction is the same — toward rapid 
economic growth by taking advantage of the gap between the developing and! 
the developed nations.. We do not necessarily expect that the noncoping 


It is interesting in this connection to reread Karl Marx, who fully 
understood how effectively the capitalist system had spread as a result of 
its very dynamic nature; except for the personal hostility that shows through, 
his description is vivid and apt: 

The bourgeoi s i e . . . has accomplished wonders far surpassing Egyptian 
pyramids, Roman aqueducts and Gothic cathedrals.... 

The bourgeoisie has through its exploitation of the world market 
given a cosmopolitan character to production and consumption in 
every country. To the great chagrin of reactionaries, it has 
drawn from under the feet of industry the national ground on which 
it stood. All old-established national industries have been 
destroyed or are daily being destroyed. They are dislodged by 
new industries, whose introduction becomes a life and death ques- 
tion for all civilized nations, by industries that no longer work 
up indigenous raw material, but raw material drawn from the re- 
motest zones; industries whose products are consumed, not only 
at home, but in every quarter of the globe. In place of the old 
wants, satisfied by the productions of the country, we find new 
wants requiring for their satisfaction the products of distant 
lands and climates. In place of the old local and national 
seclusion and self-sufficiency, we have intercourse in every 
direction, universal interdependence of nations.... 

The bourgeoisie, by the rapid improvement of all instruments of 
production, by the immensely facilitated means ot communication, 
draws all, even the most: backward, nations into civilization. 

The cheap prices of its commodities are the heavy artillery with 
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poor will grow economically as rapidly in the near future, though this 
could happen; but we do believe that as the coping nations become rich 
then their present place in the industrial hierarchy will be taken by 
the currently noncoping. This is roughly analogous to the situation in 
New York City, where Puerto Ricans have taken over many jobs given up by 
Blacks, who in turn had taken over jobs earlier held by other immigrant 
groups . 

We therefore argue that by the year 2000 perhaps a quarter of man- 
kind will live in emerging postindustrial societies and more than two- 
thirds will have passed the level of $1,000 per capita. By the end of 
the 21st century almost all societies should have a GNP per capita greater 
than $2,000 and be entering some form of postindustrial culture. The 
task is not to see that these societies proceed along the same path 


as Europe, North America and Japan, but rather that each should find its 

which it batters down all Chinese wal Is , with which it forces the 
underdeveloped nations' intensely obstinate hatred of foreigners 
to capitulate. It compels all nations on pain of extinction to 
adopt the bourgeois mode of production; it compels them to intro- 
duce what it calls civilization into their midst, i.e., to become 
bourgeois themselves. In one word, it creates a world in its 
own image. . . . 

The bourgeoisie, during its rule of scarcely one hundred years, 
has created more massive and more colossal productive forces 
than have all preceding generations together. Subjection of 
nature's forces to man, machi nery, appl ication of chemistry to 
industry and agriculture, steam navigation, railways, electric 
telegraphs, clearing of whole continents for cultivation, canali- 
zation of rivers, whole populations conjured out of the ground-- 
what earlier century had even a presentiment that such produc- 
tive forces slumbered in the lap of social labor? 

Karl Marx and Friedrich Engels, The Communist Manifesto (New York: 

Washington Square Press, 196*0, pp. 62-66. 
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iwn way. However, even in the year 2100 there may be large income gaps, 
fodav per capita GNP ranges from about $100 to $10,000, and it would not 
at all surprise us if the range at the end of the 21st century were still 
rattier large, perhaps from a basic minimum of a few thousand dollars to 
a maximum of 10 to 20 times greater. As far as we can tell, arithmetic 
differences (as opposed to ratios) in per capita product will generally 
increase for the next 100 years, with (of course) many exceptions. But 
this should not be disastrous either morally or politically since there 
are very few peasants, workers or even businessmen in developing nations 
•/ho care much about gaps (whether arithmetic or geometric), no matter how 
isiucn intellectuals, academics and some businessmen may profess to. The 
major objective of most people is to increase their own safety and improve 
their own standard of living and their own capabilities. When they make 
comparisons, it is usually with others at their socioeconomic level or 
with those who have recently been at their own or a lower level. 

f h e Econ om i c T ra ns i t i on 

Now let us look at the other side of the coin. Why is it that we 
do not expect the developed world--and the coping and noncoping nations, 
once they have developed — to continue growing at high rates more or less 
indefinitely? Those who take a 1 imi ts-to-growth position tend to argue 
very strongly that there are limits to supply, that available sources 
of energy, raw materials and food will run out, and that this exhaustion-- 
along with overwhelming pol lution--wi 1 1 inhibit and eventually halt further 
economic growth. While some of this may occur, we believe that because 
of the flexibility of modern economies and the huge surplus of room, 
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energy and resources available, the limitations set by scarcity should 
not usually prove dominant. We emphasize instead the demand side of the 
equation. We argue that once worldwide development has essentially been 
completed, economic growth rates will slow and finally many economies 
will achieve a more or less steady state. There are, we believe, several 
reasons-- together cumulative and accelerating--why this is likely to 
happen . 

First, since we project that the rate of population growth will 
slow and that eventually total world population will reach a more or 
less fixed number, it is clear that there is an implied upper limit on 
economic growth. Still, without additional dampening effects, economic 
growth might continue at a rapid rate for a long time. We believe that 
our additional points below show what some of these dampening effects 
will be. 

We see as a second reason for the slowing down of economic growth 
in some developed nations the diminishing returns from increasingly costly 
factors of production (often known as the Ricardo effect, from the studies 
of David Ricardo, the early 19th century English economist). This will 
be especially true for fixed factors, land in desirable locations being 
the best example. But we believe it will also be true for variable factors 
and substitution no longer will be able to reduce costs proportionate 
to the investment made in them. Increased investment, technological 
progress, and other innovations so often reverse this effect that we do 
not believe it will ever be a dominating factor for society's prospects — 
unless none of these developments takes place. 
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Th i rd „ we believe tnat with the advance into the super i ndus t r i a 1 era 
there is likely to be a diminution in the marginal utility of wealth and 
production. With insurance, social security and welfare for all, there 
will be protection against most of the vagaries of life, and this should 
produce a shift in priorities and values. Something like this has already 
>een seen in the upper middle-class of Japan and what we call the "Atiantic- 
J rotestant culture area" (Scandinavia, Holland, Enqland, the United 
States, Canada and Australia) where there is a growing denial of the impor- 
tance of wealth. While the "flower children" of the 1960's have faded, 
the fact remains that a change has occurred and our culture has taken some 
steps away from the work and advancement ethic and probably will not 
return to anything like its earlier state. 

fourth, and closely related to this third reason, is that many 
vested interests exist which oppose either growth itself or the changes 
accompanying growth--an opposition that need not be unworthy or self- 
serving. it seems likely that there will be an increasing desire to 
leave things as they are, for as people get richer they tend to be satis- 
fied with their quality of life, with the status quo. As the number 
and the influence of people who want to change their standard of living 
or raise their status decrease, the balance of political and economic 
forces will chanqe. At the moment this shows up most dramatically in 
the phenomenon we call "localism" — the tendency of people in a community 
to halt its further development (as in Aspen, Colorado) or to prevent 
the incursion of new industry even though it might bring jobs and supply 
important needs (as in Durham, New Hampshire, where plans to locate a 
refinery were successfully resisted by upper-income residents). 
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This phenomenon will surely increase and prove an important check to the 
economic growth of affluent societies. In general, economic and technical 
efficiency will be given much less weight as first the new affluent values 
and then the similar postindustrial values gain in strength and pervasive- 
ness . 

It should be noted that in many countries, at something like $1,000- 
$2,000 per capita, the upper middle class tends to fare worse as the 
country as a whole does better. In other words, while the standard of 
living is improving, the quality of life may be deteriorating for some 
groups. For example, if one compares upper-middle-class people in south- 
ern Europe, East Asia, or much of Latin America with those living in Scandi- 
navia or the United States, one finds that the former live in larger houses 
(construction costs are very low), often have the traditional three live-in 
servants (cook, maid and gardener), have a certain status and various perqui- 
sites, andean satisfy many desires that simply cannot be served in the Scandi 
navian or North American context. (The noted economist Joseph Schumpeter 
once said, "one good maid is worth a household full of appliances," and 
this is still true.) We believe that one of the major reasons for the 
objections to growth by the elites arises directly out of this class 
interest, but we find it difficult new to judge just how important this 
particular class interest will be in slowing down growth. 

Finally, we believe that economic growth in the super- and post- 
industrial eras' will slow and stabi 1 i ze--at least as far as^the use of 
physical resources is concerned--because of the nature of the growth 
process itself. This is best explained by thinking of production as 
divided into the four sectors or types of activities previously described: 
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primary (extractive), secondary (industrial), tertiary (services to 
. > n ma ry and secondary) and quaternary (services for their own sake). As 
nations grow economically, the characteristic pattern of cheinge these 
ectors have experienced (in terms of labor participation and shares of 
total product) is somewhat as follows: in the pre-industrial era the 
primary sector (largely agriculture) is paramount, there is some secondary 
activity (mostly construction) and almost no tertiary and quaternary 
activity. During industrialization the primary sector's share grows 
smaller relative to that of the secondary, which enlarges rapidly. 

The service sectors also grow, especially in the superindustrial stage, 
when their rate of growth outpaces that of the secondary sector. Finally, 
in the pos t industr i a 1 era, the primary and secondary sectors' shares of 
total product will be very small compared to those of the tertiary and 
especially the quaternary, which we estimate will have the largest share 
of both labor part ic i pat Ton and total product. (Trends in this direction 
in the United States are shown in Table 2, which presents recent and pro- 
jected changes in the percentage of persons employed by sector, and 
sector shares by GNP.) 

St: is clear from Table 2 that it takes fewer and fewer people in 
the primary and secondary sectors to supply all of the goods we need. It 
is precisely this increase in the productivity of the primary and secondary 
sectors that drives growth initially. Later it is the transfer from low- 
paid jobs in the primary and secondary to high-paid (or productive) jobs 
in the tertiary and quaternary that drives growth. When these two are 
used up, many economists believe that the future increases in productivity 
will be small. Actually there are some activities of the tertiary sector 
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UNITED STATES 

SHARES OF EMPLOYMENT AND GROSS NATIONAL PRODUCT BY SECTOR, 
SELECTED YEARS AND PROJECTED TO 1985 
(IN CURRENT DOLLARS) 


SECTOR* 

1929 

EMPL. GNP 

1945 

EMPL. GNP 

1955 

EMPL. GNP 

1965 

EMPL. GNP 

i 

1972 | 

EMPL. GNP | 

l 

PRIMARY 

27-6% 

16.6% 

19.2% 

12.3% 

11 .1% 

8.1% 

6.7% 

5-7% 

4.8% 

T 

4.8%| 

SECONDARY 

29.2 

35.9 

34.0 

36.9 

31-7 

42.0 

30.2 

39-9 

27.8 

37-4 1 

SERVICES 

43.2 

46.3 

46.8 

50.6 

57-1 

51.8 

63.2 

54.8 

67-5 

56.4 * 
1 


I 1985 
/ EMPL . GNP 


2.4% 3.0% 
26.6 36-9 
71.0 59.8 


Sectors are comprised as follows: 

Primary: Agriculture, Forestry, Fisheries and Mining 

Secondary: Contract Construction and Manufacturing 
Services: Transportation, Communication and Public Utilities, 
Wholesale and Retail Trade, Finance, Insurance and 
Real Estate, Services and Government 
Sources: U.S. Department of C om m e rce , Bureau of the Census, Statistical 
Abstract of the United States: 1S46, 87th Edition (Washington , 
D.C. : U.S. Government Printing Office, 1966); U.S. Department 
of Commerce, Bureau of the Census, Statistical Abstract of the 
United States: 197** , 95th Edition (Washington, D.C.: U.S. ~ 
Government Printing Office, 197*0; and U.S. Department of Labor, 
The U.S. Economy in 1985 (Washington, D.C.: U.S. Government 
Printing Office, 1974). Because of rounding, not all percentage 
totals equal 100. 
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(trade and banking, for example) that have had, and are still likely to 
nave, enormous increases in productivity. But we believe that the eventua 
dominance of relatively non-productive quaternary act i vi t: i es--comb i ned 
with the other reasons set forth above~-wi 1 1 ensure the transition to a 
jos t i ndus t r i a 1 era of slowing and finally stabilized economic growth. 

1NP_ per Ca pita — The Trans i ti ons Combine d 

if we now combine the 200-year projection of population growth rates 
with our examination of economic qrowth in the developing and developed 
nations, we can arrive at our surpr i se- free projection of gross national 
product per capita for the world as a whole and its current economic 
groupings. Such a projection is illuminating for it provides us with a 
yardstick for measuring individual economic well-being throughout the 
period of our AOO-year scenario. Consider, for example, the perfectly 
easonable (but clearly not certain) expectation that India will grow by 
an average of 2.3 percent a year in per capita income between now and 
the year 2176, and therefore by then should have a per capita income 
100 times its present income, or about $10,000. (Even a mere 1 percent 
growth per year would result in a per capita income of $750.) Such a 
projection makes clear that the issue is probably not whether India will 
develop, but how rapidly and with how much difficulty. In this context 
it is instructive to note that it took the United States 200 years to 
rise from about $250 per capita to $7,000 per capita (in constant 1975 
prices) and that India may easily do as well or even better. In this per- 
spective the future oF lndia--beset today with agonizing political and 
-conomi c problems, and a fitting subject for Cassandra- type prophecies-- 
iooks very different indeed. 
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In making our projection we have divided the nations of the world 
into four economic groups, based on their current development and income. 
The first group comprises the world's developed nations, including the 
industrial nations of Western and Eastern Europe, North America, certain 
countries of the British Commonwealth (Australia, New Zealand and the 
white portion of South Africa), Japan and Israel and the wealthy Persian 
Gulf countries. The second group consists of China, North Korea, and 
the four nations of the former Indo China. The third is the group we 
call the coping nations — those with annual per capita incomes over $400, 
or those which are resource- ri ch though not necessarily industrialized, 
or those which are growing at the rate of more than 5 percent a year. 

The fourth group, the noncoping, corresponds roughly to the International 
Monetary Fund's designation of "Most Seriously Affected," nations that 
all have per capita incomes below $400 and generally suffer from adverse 
terms of trade (their imports cost more than their exports earn). In all 
cases, the noncoping had a projected ba lance-of-payments deficit for 1974 
and 1975 not smaller than 5 percent of imports. (These criteria for 
grouping nations, of course, will not hold true for each nation for the 
entire 400-year scenario, but for simplicity we will keep the membership 
of each group fixed, to show what has happened and wi 1 1^ happen to these 
groups as they are now structured.) 

Our projections for these four groups of nations are set forth in 
Figure 5, within the framework of our previously projected growth by 2176 
to a world population of 15 bil lion people with a $300 tr i 1 1 i on GWP , 
yielding $20,000 per capita. In this projection it is the developed 
nations that continue to drive economic growth, though their rates do 
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GRQSS WORLD PRODUCT PER CAPITA 

1776-2176 (in 1976 dollars) 



Figure 5 
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slow down at a faster rate than that of the rest of the world. The coping 
nations start below the average GWP but grow quickly and pass through it 
early in the 21st century; communist Asia achieves the world average 
somewhat later, then stays close to it; and the noncoping nations, starting 
much later, undergo their maximum growth only late in the next century. 

One consequence of this surprise-free projection is that the current 
100-1 ratio of per capita product between the wealthiest 10 percent and 
the poorest 20 percent of the world population could shrink to about 5" 1 
after 200 years, give or take a factor of two or three. If, however, our 
projection is incorrect and, for example, many of the developing countries 
continue to grow in population with much less economic growth than pro- 
jected, then a similar 100-1 ratio might persist. But even in this case 
we would expect their absolute standard of living to reach or exceed 
that of lower European standards today (for exampl e, Spa i n or Greece). 
Although many people presently believe that only relative income 
Is important, we think that this view is clearly In error. For 
a struggl ing nation to move from $100 to $1,000 in per capita product 
removes it from desperate poverty to current lower-middle-class standards, 
a much more impressive and important change than an increase in a developed 
country from $1,000 to $10,000 per capita, equivalent there to a move 
from largely lower-middle to largely upper-middle-class standards. 

Certainly one of the most important implications of our projection 
is that it would be very difficult to construct a plausible scenario that 
inevitably leads to famine or other extreme hazards great enough to cause 
a major world tragedy in which a large portion of the population is lost. 

We do not deny that many tragedies can result from various deprivations 
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issoci ated with poverty, but we are asserting that over the longer term — 
that is, within 200 years- -the likely economic outcome is not between 
poverty and desperate poverty as some pessimists have suggested, but 
rather between failure and success, in which "failure" means an annual 
per capita product of $300 to $2,000 for the poorer countries and "moderate 
success" means a range oi $3,000 to $10,000. 
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Chapter 3 

ENERGY: EXHAUSTIBLE TO INEXHAUSTIBLE 

When primitive man learned how to make fire, he had discovered con- 
trollable energy, which then became a "servant" destined to perform an 
endless series of tasks, beginning perhaps with simple cooking. This 
discovery may have been the single most vital factor which allowed man- 
kind to develop modern civilization. Indeed early fuels also enabled 
man to find new and more abundant sources of energy in ever increasing 
amounts; thus he progressed from wood to coal to petroleum to hydro- and 
thermoelectric power, and most recently to nuclear power. Because even 
these resources are somewhat limited, he is now prepared to utilize 
the best tools from the most recent technology in the development and 
exploitation of several new alternatives that are known to constitute 
essentially eternal sources, from which man should be able to extract 
as much energy as he is ever likely to require on earth. 

The commercial tapping of these eternal energy sources may initially 
cost the consumer somewhat more (perhaps twice as much) per unit than 
currently, but in time, the costs can only decrease In real terms. The 
real cost of energy supplies has almost always dropped over time; the 
price of energy, however, fluctuates around this general downtrend 
according to market conditions. Despite the activities of OPEC and the 
current pessimism about the extent of petroleum reserves, we believe 
that energy costs as a whole are very likely to continue the historical 
downward trend indefinitely. 
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The data required to support the above thesis about: the long-term 
supplies and costs of energy are the heart of this chapter. We hope they 
are presented in sufficient quantity and are of sufficient quality to 
make clear to the reader just how we were able to justify our optimistic 
cone I us ion. 

There is certainly no question that mankind's future well-being is 
intimately linked to the prospects for an abundant supply of energy at 
reasonable prices. The recent fuel crisis spread concern throughout the 
world that energy supplies were short, and would remain so for a long 
time, quite possibly worsening. 

While understandable, this reaction was rather paradoxical. There 
was almost no substantive basis for it since there was no physical short- 
age of oil, only a cartel that succeeded In forcing at least a temporary 
increase in the price of the commodity it controlled. One effect of 
this action was to increase the rate at which new energy came on the 
market and to decrease the rate at which energy was used — that is, the 
cartel's moves actually decreased the possibility of future energy 
shortages . 

There is general recognition that the oil crisis and subsequent 
events represented an energy watershed, but it was not a watershed from 
abundance to scarcity, or even from cheap to expensive, but rather from 
cheap to inexpensive. That is, many in the industrialized world will 
continue to drive large cars If they like them, live in big houses, 
overheat and over-ai r-condition their homes, expand suburban sprawl, 
use electric signs and street lighting lavishly, and continue other 
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high-energy-consumption activities. But it also seems quite clear that 
from now on more care will be exercised. Some will switch to smaller or 
more energy-efficient cars, homes will be better insulated, more efficient 
lighting, heating and cooling systems will appear almost everywhere, and 
so on. Thus the functions that used energy so lavishly in the past will 
continue to be performed with relatively little change, but there will be 
considerable change and improvement in the efficiency of the means of 
performance. 

While what happened was fairly straightforward, the historical signi- 
ficance of the OPEC embargo has been largely misread in public discussion. 
For 50 years oil had been eating into the market once supplied by coal 
because oil was cheaper and more convenient. As long as oil sells for 
Jess than $5 a barrel, it must largely displace coal; but once it goes 
to twice this price (or more), there should be a major shift to coal, and 
there is plenty of coal to last for a very long time indeed. It should 
be noted, however, that in fact in the U.S. the shift to coal has been 
slow, one reason being that it takes about 15-20 years to amortize major 
new coal investments if they include much infrastructure such as ports 
and railroads. It doesn't seem likely that oil prices will stay very 
high for more than 5 or 10 years, and possibly even much less; they might 
easily return to something like $3-7 in the Persian Gulf long before 
the new coal infrastructure has been amortized. This kind of practical 
uncertainty can be very important in modifying the speed and effectiveness 
of an adjustment, but it has very little to do with the scarcity of 
resources. In fact, just the opposite is the case. If the oil in the 
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Persian Gulf were to disappear over the next 10 years, the relatively 
immediate and obvious need for coal would dictate that the adjustment 
be made swiftly and effectively. 

Perhaps the most important point to be made here is; that despite 
the sudden quadrupling of the price of oil in 1973"7^> it is clear that 
there will be an adequate adjustment to the new price well within a 
decade even if it does stay high. No doubt the world will face many 
ether economic shocks in the future, but surely few will be as great as 
that of the oil crisis. Even so. and while the adjustment has unques- 
tionably been quite difficult, and almost catastrophic in some local 
areas, life and progress do continue. (The comment that the poor suffer 
much more from events like the oil shock than do the rich is so obvious 
that one hesitates to make it. Yet the fact that this is one of the 
best possible arguments for being rich, that it tends to insulate one 
from this kind of problem is one of those self-evident truths that often 
goes unrecognized.) 

in an effort to keep energy costs within reasonable bounds over the 
next few decades, the industrialized world is now vigorously and simul- 
taneously tackling the energy problem on many fronts. We expect this 
activity to continue until indigenous supplies and competitive sources 
are built up to a level where utilization of OPEC sources becomes a 
matter of preference rather than necessity; when this occurs, the price 
of fuels will be much closer to the marginal costs of production than 
hey are today. 
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Conservation is obviously the quickest way to reduce dependence on 
foreign oil, unpalatable though it may be to people who have long enjoyed 
being able to use oil freely. The pressures have not been strong enough 
yet in most countries, and changes do not come about easily in deeply 
ingrained habits--nor should they necessarily occur, given current uncer- 
tainties. Indeed, the OPEC cartel can now produce about a third more 
oil than it can sell at current prices, and the margin is increasing. 
While the rest of the world is trying to assure access to energy sup- 
plies, OPEC's main impact will probably be on prices rather than availa- 
bility. Although another oil embargo cannot be completely ruled out, 
this possibility appears somewhat less ominous as time passes, and the 
tactic Is not likely to be effective when there are relatively large 
stocks and large excess production capability. 

An appropriate neai term solution would probably involve some 
increase in petroleum inventories and stocks and, more importantly, a 
substantial increase in domestic and non-OPEC world production capacity 
over a reasonable time. But important as this is for today, it has 
little to do with the long-run future. 

Future Demand 

Table 3 shows in condensed form our estimates of the amount of 
energy the world will need during the next 200 years, given our popula- 
tion and GWP projections. This table assumes that a new energy 

~ “ — — ■ 

For convenience, we have adopted a system used in the tables and 
throughout this chapter in which energy units are expressed in quads (q) 
or quints (Q) . A quad represents a quadrillion (lO 1 ^) BTUs; a quint is 
a .quint i 1 1 ion (10l°) BTUs. A billion barrels of oil contain about 6q 
(or .006 Q) . Qe refers to quints of electrical energy. 
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ESTjHATE5_ OF WO RLD EN E RGY CONSUMPTION! 

(Q =~ 10'S BTU) 


YEAR 

(a) 

POP. 

j_(BIL.) j 

(a) 

GWP 

($ TRIL.) 

' (a) 

GWP/CAP 

EFF. ^ 
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a) Hudson Institute studies. 

b) Relative overall efficiency assumed for production, conversion, and 
utilization of enerqy compared with 1975* 
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consciousness in the world, coupled with advancing technology, will 
gradually increase the efficiency of production, conversion and utiliza- 
tion of energy. Energy demand therefore increases less quickly than the 
GWP; after 200 years projected increase of energy demand is by a factor 
of 15, while the GWP is larger by a factor of almost 60. Note that this 
probably underestimates the likely reduction In use of energy because it 
ignores the shift to services and to much modern technology. We expect 
this increased efficiency to be motivated by economic considerations 
rather than by energy shortages as such. Nevertheless, total energy use 
may ultimately be limited by environmental considerations that cannot 
be foreseen today--for example, the long-range effects upon regional and 
global cl imate. 

It is quite reasonable to ask how this huge projected global demand 
can be met without great concern about the wells running dry or the bio- 
sphere becoming excessively polluted. To respond, we will first look 
at the energy reserves and resources that are familiar and upon which 
we will depend most for the near and medium term; we will then examine 
new, alternative sources of fuel and power that might lead eventually 
to an energy system that would depend only upon more or less eternal 
sources . 

Fossil Fuels 

The world's known reserves and potentially recoverable resources 
of petroleum and natural gas are shown in Table k, and Table 5 con- 
tains cost estimates for some fuels which can be extracted from 
coal, from oil shale and from tar sands. Allowing for the 
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Ta bl e_ 5 

ANTICIPATED INITIAL COST OF SYNTHETIC 
FU ELS FROM VARIOUS SOURCES 
(Hudson Institute estimates) 
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growth of energy demand estimated earlier. 

we 

conclude 

that 

the proven 

reserves of these five major fossil fuels 

(oil 

, natural 

gas. 

coal, shale 


oil, and tar sands) alone could provide the world's total energy require- 
ments for about 100 years, and only one-fifth of the estimated pot ential 
resour c es could provide for more than 200 years of the projected energy 
needs ! 

Hudson's estimates suggest that potential U.S. resources of oil, 
gas, and coal are sufficient to supply the energy needs of this country 
for more than 150 years, given our projected GNP growth. Furthermore., 
once an effective process for the extraction of oil from shale is 
developed, the total available supply of fossil energy could be more 
than quadrupled. 

In commercial practice, the chosen form of fuel is usually the most pro- 
fitable one. For our purposes, it suffices to establish that, at various con 
version prices (which appear in Table 5 to be tolerable:), the preferred 
proportions of the solid, liquid or gaseous forms are a matter of choice. 
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Within the decade or two needed to make the appropriate industrial 
changes, complete substitutability could be accomplished by 
absorbing the conversion costs. 

The development of facilities for the conversion of coal to liquid 
and gaseous fuels and for the extraction of oil from shale and tar sands 
is now vigorously under way in many different programs in many countries. 

At this time, there is little question about the ultimate technical feasi- 
bility of these processes; the real difficulties lie in their near-term 
economic viability, optimum rates of development, and associated environ- 
mental, land use and water allocation problems. We expect all of these 
concerns eventually to be resolved, but they will seriously affect the 
prices of the fuels produced and will probably dominate discussion of these 
potential energy sources for the balance of this century. 

At a cost of $12 per barrel of crude oil (that is, $2 per million 
BTUs for all fossil fuels), current levels of energy usage would absorb 
about 10 percent of the GNP of the United States. Nevertheless, we 
believe that the world can successfully adjust to fuels at this price i f 
need be , and particularly as it becomes more affluent and as energy is 
used more efficiently. Actually, however, we believe the price of oil 
has already peaked, in real terms, or soon will. 

We wish to make clear that the exact cost of commercial extraction 
oil from shale is still quite uncertain. Except in a few of the best loca- 
tions, this process may well not be competitive with other alternatives 
for decades. Thus, if most of the oil from shale could be extracted only 
at costs exceeding $25 per barrel, it might be a long time before it 
became a major commercial resource. However, the development of a rela- 
tively inexpensive in situ extraction process cannot be ruled out; it is 
now under active research and development by private companies and by 
government-sponsored efforts. Such a process might be quite inefficient 
initially, perhaps extracting only 20 percent or so of the potential fuel 
(although recent pilot-plant operations suggest that a 40-50 percent recovery 
rate is feasible). Even 20 percent might constitute a very useful beg inning , 
however, considering the vastness of the resource base. Costs from such an 
in * retort ' 
ing process. 
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Until the development of eternal power sources has been accomplished 
on a large commercial scale--which will probably occur by the middle of 
the next century, if not sooner--the world's best hope lies in the use 
of the sol i d f oss 1 1 Fue 1 s , espec i a 1 1 y coa 1 . They will be our bes t i nsu r- 
ance aqainst any unexpected serious reduction in estimates of the world's 
potential oil and natural gas resources (which alone, it is comforting 
to note, are sufficient to supply the world's energy requirements for 
about SO years see Tables 3 and 4). The only other major technoloqv 
currently being developed commercially that Is likely to have real 
impact upon energy supplies during the next 50 years or so is the nuclear 
fission reactor. 

Fission Power 

Until the last few vears, nuclear fission was generally considered 
to offer the best hope for an escape from dependence upon fossil fuels. 
Recently, however, this form of nuclear energy has come under growing 
attack by consumer arid environmental groups, abetted by adherents of 
the no-growth philosophy. Their major arguments merit some serious 
attention. They point out that in the event of a serious accident or 
sabotage, nuclear power plants might contaminate large areas with radio- 
activity, especially if deadly plutonium aerosols escaped from a damaged 
reactor. Furthermore, they argue that the problems of handlinq huge and 
ever-growing quantities of long-lived radioactive wastes, including 
plutonium, have not been satisfactorily solved. They also contend that 
reactors contain large quantities of fissionable materials from 
which nuclear explosives can be made, thereby creating an enormous 
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potential for the proliferation of nuclear weapons, for the theft of 
fissionable materials and, perhaps most frightening, for the eventual 
control by terrorist groups of clandestine nuclear weapons. 

The resolution of these issues is so much in doubt that there is 
serious possibility of a moratorium one day being placed upon the con- 
struction or use of nuclear energy plants, at least in the United States, 
but this need not seriously affect future growth possibilities. It is 
precisely because there are other alternatives available that a case of a 
kind can be made against nuclear power. We will not pursue this debate 
now, but an examination of the potential for nuclear power development 
should illuminate what it is that may have to be stretched out, postponed 
or given up. 

The total free world's resources of yellowcake, uranium ore (U^Og) , 
are generally taken to be about three times those of the United States. 
Even then, the available uranium can probably be considered no more than 
an interim supply unless (a) the breeder reactor becomes commercially 
feasible and politically acceptable, (b) the extraction of uranium from 
the sea becomes practical , or (c) an efficient nuclear reactor becomes 
available. It should be pointed out that the current (high) cost of 
uranium, about $20 per pound, translates to about 1 mill per kilowatt- 
hour of electricity (KWHe) . If the price eventually rose to $100 per 
pound, the fuel would cost about 5 mills per KWHe, which still would not 
be large compared to today's cost of power production from conventional 
sou rces . 

An advanced design of the Canadian heavy water reactor (CANDU) 
suggests a potential ten-fold increase in fuel efficiency. 
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Without a much more efficient commercial reactor or an economically 
viable seawater-extraction technology, the electrical energy available 
through current technoloay, from uranium-235 burned in light water reac- 
tors (LWRs) , may be between 5 and 15 Qe for the noncommun ist countries. 
This represents a respectable amount of energy-comparable, in fact, 
to that of the world's total oil resources (see Table 4). To the extent 
that LWRs participate in power production during the next several decades, 
they would certainly help t:o cushion possible uncertainties about future 
fossil fuel supplies. And in the not uni i kely event that: breeder reactors, 
advanced CANDU reactors, or extraction of uranium from seawater or low- 
grade shales become practical and acceptable, the fission process could 
provide a very large part of the world's electric power for centuries. 

T he Transit ion to Long-Term Sources 

The world Is at the beqinnlnq of a transition from fossil fuels as 
the primary energy sources to the phasing in of long-term al ternat i ves---a 
transition we expect to be largely completed about 75 years from now. 

Thus, by 2050, a major part of total energy supplies should be emanating 
from such eternal sources as solar, geothermal, fission and fusion reactor 
installations. By 2076, the U.S. Tricentennial year, we expect fossil 
fuels to be used principally as basic chemicals. During this transition 
period, the world is likely to lean increasingly on the solid fossil fuels 
(coal and shale), with nuclear power as a possible important adjunct. 

We anticipate that by the year 2000 coal, shale and lignite will be 
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converted on a large scale to relatively clean-burning fluids, because of 
the convenience of handling as well as the need to reduce air pollution. 
Moreover, the price of imported fuels, at least in the United States, 
is apt to be kept relatively high by tariffs and quotas in order to pro- 
tect domestic producers of synthetics. Present expectations are that 
various synthetic fluids from coal and oil shale will be commercially 
available in 10 to 15 years at costs equivalent to $5 to $20 a barrel 
(depending upon successes in in situ extraction and other developments). 
Variation between these extremes will depend upon such factors as the type 
of synthetic fuel, the price of coal, the distance of the user from the 
mines or conversion plants, and technological improvements over time. 

While the political battles associated with nuclear fission are being 
resolved, coal and oil -shale mining are expanding, and commerical con- 
version facilities for them will be developed during the next quarter- 
century; meanwhile, the funding of research and development for the long- 
term renewable and/or essentially inexhaustible energy resources will 
also be growing quite dramatically. The main entrants in this race are 
solar, geothermal and fusion energy. 

Solar Energy 

Broadly defined, solar energy is available in a large number of 
forms. The sun's energy drives the wind, grows all the plants, and warms 
the oceans, thereby enabling man, in principle, to extract energy from 
these sources as well as from the direct radiance itself. Even the 
fossil fuels are stored solar energy, technically speaking, as is hydro- 
electric power, and the vast energy of ocean currents and wave motions. 
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We limit ourselves, however, to the six solar alternatives which now 
are most promising, discussed in the order in which they are expected 
to achieve substantial commercial production: 

]. Wind Electric Power--to be obtained from strategically 
placed arrays of large modern windmills. 

it may seem strange to go back to a power source which is thousands 
of years old. However, the new technology available for generating and 
storing power from windmills makes this an attractive and economical 
power source for regions where the wind blows rather steadily or at a 
higher than average speed, or both--for instance, the Texas Gulf coast, 
the Aleutian Islands, the Great Plains and the Eastern Seaboard of the 
United States. A U.S. government program is under way to determine the 
optimum locations and test various windmill systems. The current expec- 
tation is that the first commercial systems will be installed during the 
early 1980's, and the cost will probably be less than that of most current 
conventional sources (see Figure 6). 

2. Uio-Convers ion (BC)— energy obtained by converting organic 
snaterials, especially wastes, to fuels or electric power. 

This is a catchall term for processes that can convert organic 
matter-- incl ud ing all organic wastes from cities, industry and agricul- 
ture-- to Fuels or power. Furthermore, selected crops or trees which 
are the most efficient converters of sunlight might be grown for their 
energy potential, or for dual purposes (for example, sugarcane for 
food and energy, hemp tor fiber and energy). 
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Although the concept of growing crops for energy (hence, "energy farms") 
is in an early stage of investigation, various processes for the conversion 
of dry organic wastes into energy are reasonably well developed. If appro- 
priate credit is granted for the cost of waste collection and disposal -- 
which is required in any event — several BC alternatives are expected to 
become commercially feasible before 1 980 . These include: (a) the direct 
burning of wastes as a fuel; (b) pyrolysis, the conversion of organic material 
to oil and gas through heating in an oxygen-free atmosphere; and (c) hydrogen- 
ation or chemical reduction, which, through the use of a heat and pressure 
process, can convert most organic materials to oil and/or gas. Many other 
promising BC alternatives will be evaluated during the next decade. 

3. The heating and cooling of buildings by the direct 
use of solar radiation as a heat source (HCB) . 

This is probably the best-known form of solar energy. The concept 
is as ancient as civilization, but has been less than completely satis- 
factory because of the intermittent nature of sunlight. At present a 
substantial research and development program is being devoted to this 
process, which some experts predict will become standard in new struc- 
tures in the United States during the next decade or two. Indeed, some 
solar systems for homes are already on the market and many large corpor- 
ations are studying HCB's commercial potential. 

At current energy prices, HCB systems are considered to be competi- 
tive in some parts of the country — particularly, of course, in those 
regions with more than the average amount of sunshine. If the price of 
fossil energy climbs further and the technology of HCB improves, the 
incentives to install these systems in new structures, or even to retro- 
fit existing ones with them, can be expected to grow rapidly. 
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4. Photovoltaic; Power (PVP)--the conversion of sunlight by 
solar cells to obtain direct-current electricity. 

As a consequence of the use of silicon solar cells on space vehicles, 
this technology is now one of the promising approaches for utilizing solar 
energy. Because current solar cells are too costly for commercial use 
by a factor of about 500, a big effort is under way to produce them 
inexpensively. Several developments already suggest that this goal 
could be met before the end of this century, and possibly much sooner. 

One advantage of the PVP approach is that it directly converts sun- 
light into electricity at an efficiency that is expected to be about 20 
percent of the total incoming radiation. Sophisticated designs may be 
able to use much of the remaining 80 percent for heating or cooling, or 
perhaps for generating soiar thermal power (STP) . Estimates of the PVP 
potential are enormous: it might conceivably supply the world's total 
energy needs at prices comparable to or less than those of today's con- 
ventional sources. (Figure 6 shows the projected economic viability.) 

5 . Ocean thermal powei — electric power derived from the 
sun-warmed surface waters of the ocean. 

This method offers an inexhaustible and huge potential for electric 
power. Within about 1,000 miles of the equator the upper layers of the 
ocean are about 35° { fahrenhei t) warmer than the deeper waters. This temper 
ature difference in principle permits floating (or shore-based) generators 
to operate continuously, extracting electrical power at a practical effi- 
ciency of perhaps 2-3 percent, about one-third of that theoretically pos- 
sible. If these systems become economically competitive (the "fuel" is 
free), they would be able, eventually, to produce more electric power than 
the world would need 200 years from now. 
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The Energy Resource Development Administration (ERDA) is sponsoring 
a research program to test this approach, with pilot plants now under 
construction. Although preliminary engineering estimates suggest that 
competitive power appears feasible, the development to prove Its validity 
will clearly require another 10 to 20 yeans. 

6. Solar Thermal Power (STP)--the direct conversion of solar 
radiation to heat, probably in the form of steam, to 
drive electric power generators. 

Solar radiation is easily converted to heat, merely by allowing it 
to strike a blackened surface. Again a major problem is created by the 
intermittent nature of sunshine, and several technical problems must also 
be solved before even the sunniest desert areas could be used for STP 
installations. Efficient methods must be developed for the installation 
and maintenance of solar collectors over very large areas. Ways must be 
found to heat and transport hot water or steam efficiently from the col- 
lectors to central power plants. And relatively inexpensive energy 
storage systems large enough to keep power plants operating when sun- 
shine Is not available will be needed. 

If these rather formidable problems are overcome, STP alone would 
be capable of supplying all of our future power needs. At a 10 percent 
overall conversion efficiency, 1 percent of the world's land area used 
for STP could provide the world's total energy needs in the year 2000. 
While the subject is controversial, conservative estimates suggest 
that STP will not become commercially competitive until well into the 
next century, if then (see Figure 6), but many think it will be much 
earlier. However, technical breakthroughs or the use of hybrid systems 
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(for example, combining STP with PVP and/or the commercial use of "waste" 
heat) could affect the economics considerably. 

One oversimplified inage of a future world energy economy visualizes 
a large part, perhaps, one-third, of the Sahara Desert being devoted to 
solar power production. Theoretically, at 20 percent efficiency such a 
system could produce about k Qe per year, which is enough to supply the 
projected world needs 200 years from now. The energy presumably would 
be transported to the principal consumers in the form of clean-burning, 
pollution-free hydrogen. 

We are not suggesting that this system would be desirable; on the con- 
trary, even with hybrid designs it would probably be relatively expensive 
and entail other potential disutilities. Nevertheless, we want to stress 
that this one alternative could meet all of the world's energy needs with 
almost no pollution, and although economically problematical now, the cost 
probably would become tolerable during the 22nd century. Thus this nypo- 
thetical system constitutes an a fortiori argument for the future availa- 
bility of sufficient nonpolluting energy. 

G eothe rm al E nergy 

The heat contained within the earth is so enormous that in principle 
it could be tapped to produce more than 1 billion Qe. Moreover, more 
heat is constantly being generated within the earth by radioactive decay 
processes. Although most: of this heat is presently too deep for commer- 
cial exploitation, the amount within reach is large and should increase 
rapidly during the next several decades as drilling technology improves. 

The upper layer ot the earth's crust is sufficiently irregular that, 
over geological ages, many "hot spots" have been created that are within 

Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 


83 

current drilling range (about 25,000 feet); some are only a few thousand 
feet from the surface. These hot spots are often hundreds of square 
miles in area and probably of great or even unlimited depth. A few of 
them, probably much less than 10 percent, contain strata of porous rock 
filled with hot water, some of them so hot that the water they contain 
exists as high-pressure steam. (One such region is the site of the well- 
known Cal ifornia Geysers . ) Geothermal reservoirs are customarily clas- 
sified as vapor-dominated (dry steam), liquid-dominated (hot water), hot- 
dry-rock, and the magma Itself, the molten- rock beneath the 
earth*s crust. In addition, many geopressurized zones have been found 
(mainly along the Gulf coast of the United States) in which hot water 
mixed with methane and other gases is trapped at very high pressures, 
but the water temperature is generally not sufficiently high to produce 
much steam. 

Rough estimates of the amount of energy available from some of these 
resources indicate that, although the more desirable dry steam formations 
may be quite scarce, liquid-dominated reservoirs in the United States 
alone probably have a much greater energy content that the total esti- 
mated petroleum and natural, gas resources of the world. The really 
large geothermal reservoirs, however, are those classified as hot-dry-rock; 
in the United States, the amount of energy of this type available within 

30,000 feet of the surface has been estimated as sufficient to produce 

* 

/f,000 Qe, and might be even 10 times more. Thus a geothermal resource 

it 

A. H. Ewi ng , "St imul at ion of Geothermal Systems," in P. Kruger and 
C. Otte, Eds., Geothermal Energy (Stanford.: Stanford University Press, 
1973), PP- 217-22. 
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base exists in the United States which, without our having to use the 
magma itself, is theoretically sufficient to provide the entire world's 
enerqy needs for far more than the next 200 years. 

Current cost estimates for producing geothermal power from the hydro- 
thermal reservoirs suqgest that it may become one of the least expensive 
sources of power, but eariy estimates of this kind are often overoptimis- 
tic. Since almost no interest has previously been shown in this option 
(except for the scarce dry steam fields--and even the geysers, the only 
commercial U.S. project, have only been operating since I960), the tech- 
nology required for each kind of reservoir must be developed from scratch. 
Althouqh Federal funds for research and development in this area have 
expanded rapidly, the fiscal 1976 budget request was still less than $30 
million. Nevertheless, the appeal of the geothermal potential is rapidly 
spreading, and we believe it may well be the first of the eternal sources 
to achieve larqe-scale power product i on--though we concede great uncertainties. 

indeed, estimates of the rate at which geothermal resources might 
be developed have varied widely. Although most have been conservative, 
at least one prestigious qroup of experts (the W. J. Hickel Conference 
on Geothermal Enerqy in 1972, sponsored by the University of Alaska ) were 
surprisingly optimistic. Practical results will depend upon such basic 
factors as the difficulty of the problems encountered, funding for 
research and development, and exploration. In addition, favorable 
Federal policies for leasing prospective geothermal areas and for 

.v 

See the Conference's Special R epo rt , University of Alaska, Fair- 
banks, Alaska, 1972. 
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providing reasonable economic incentives during the early development 
period will be needed. Also the exploration companies will need assis- 
tance in making appropriate arrangements with electric power producers 
(the latter operate as a regulated monopoly and there is little tradition 
or experience in forming such associations). Until these institutional 
factors are resolved, progress will be difficult and uncertain. But if 
there is genuine merit in the concept, there is probably more than enough 
time to phase in this enormous resource well before fossil fuels become 
very scarce. 

What are some of the disadvantages of geothermal energy? For one, 
the best U.S. geothermal reservoirs known are located in Western states, 
often far away from major population centers. This creates a potentially 
serious transmission problem — except to the extent that major power users 
would gravitate to the regions. Second, the area required for each geo- 
thermal field may be very large, perhaps 100,000 acres or more. Although 
this would preclude many types of residential or commercial development 
within such areas, it should not excessively hamper agricultural or 
industrial development since the wells generally would be spaced far 
apart. The connecting pipelines would require little acreage and could 
be buried if necessary. Third, as is true for every new energy develop- 
ment, there will be some environmental problems, varying in different 
locations and of magnitudes not easily assessed at this time. Nevertheless 
those who have examined these potential problems have tended to conclude 
that they would be much less difficult than those associated with coal 
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or oil-shale mininq and conversion, and that, where needed, solutions are 
<iva liable or can be made within current technoloqy at reasonable cost. 
Finally, and most important, we have little idea today of the many possible 
problems and associated costs that can arise durinq development of this 
resource . 


Nuc I ear Fus i on 

The search for a means to control fusion beqan shortly after nuclear 
fission beqan to be considered as a commercial competitor with conventional 
power. The technical difficulties that must be overcome have been numerous 
rind complex, but many observers believe fusion research is on the verqe of 
demonstrating technical feasibility. The possibility now exists of 
achieving commercially viable fusion power in each of three distinctly 
different approaches, known technically as closed toroidal machines, open 
magnetic wells and laser implosion systems. In each case, first-generation 
designs are based on the so-called D-T (deuterium-tritium) reaction, 
which requires a minimum temperature of about 100 million degrees to 
start the fusion process. Once started, the reaction becomes enormously 
energetic in terms of the energy-mass relationship. The fusion of one 
pound of a D-T mixture releases about the same amount of energy as fis- 
sioning three pounds of U-235» the energy equivalent of about 10,000 
ions of coal. 

fhe consensus among scientists today is that the commercial feasi- 
bility of one of the magnetic fusion systems (probably the T0KAMAK, based 

R. G. Bowen, "Environmental Impact of Geothermal Development," in 
Kruger and Otte, Eds., Geoth erma l En erg y, pp. 197-216; also Joseph 
Barnea, "Geothermal Power," Scientif ic Am erica n, January 1972, pp. 70-77- 
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on a Soviet design) is likely to be established by the early 1990's. A 
practical laser fusion process is not apt to become operational before 
early in the next century. Which of the successful alternatives proves 
to be the most successful over the long term is still an open question, 
and there is actually no assurance that any will be commercially competi- 
tive; as always, the uncertainties are simply too great. 

The principal advantages of fusion over fission reactors are that: 

(1) the associated radioactive hazards are anticipated to be smaller by 
several orders of magnitude; (2) the threat of a runaway process or 
explosion does not exist; and (3) the inherent temptation for theft or 
sabotage would be much smaller. In other words, nearly all of the grim 
scenarios conjured up in connection with fission reactors disappear, or 
are very much reduced, with nuclear fusion. Although it does present 
some risk of tritium leakage, this potential danger not only can be 
minimized by reactor design, but can be continuously monitored. For- 
tunately, tritium is one of the mildest radioactive isotopes, but 
it must be treated with great caution because of the relatively high 
quantities involved (about two pounds per day for a 1,000-megawatt 
plant). One problem with fusion reactors is that they could become a 
source of cheap neutrons--a possibility with many implications for arms- 
control negotiations, since in principle these neutrons can be used to 
make explosives for nuclear weapons. It is possible to imagine circum- 
stances in which this could create worse problems than those from the cur- 
rent reactor program — although the scenarios involved might not appear 
to be very probable. 
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energy Systems of the 22nd Century 

fwo developments are likely to occur during the next 100 to 200 
years which will prepare the way for what we think will emerge as a more 
or less steady state in enerqy production and distribution, regardless 
of which lonq-term eneray sources become commercial lv dominant. 

There is little debate about the first--that most of the enerqy 
produced on a large scale will be in the form of electric power. Thus, 
most present concepts tor major long-term energy sources (solar, geo- 
thermal, fusion) are based upon electric power production at central 
p I ants . 

The second major development is the prospective use of hydrogen 
as both a basic fuel to replace natural gas and as part of a general 
system to convert, store and/or transmit electric enerqy over lonq 
distances. For energy storage and the long-distance transmission and 
distribution of enerqy-~espec i a 1 1 y f rom desert solar power "farms 
ocean-based generators or geothermal power centers--it might be practical 
to convert the generated power into hydrogen which could easily be piped 
to the distribution centers. At these centers the hydrogen could either 
be. reconverted to electricity by fuel cells (which are expected to become 
80-90 percent efficient after 50-100 years of research and development), 
or it could be used directly as a fuel for commercial, industrial or 
transportation purposes. 

- — — 

in producing hydrogen from electricity, the theoretical maximum 
efficiency is about 120 percent, the extra energy coming from the environ 
ment. In practice, prototypes have reached 85 percent, and 100 percent 
“s deemed a reasonable goal for future commercial operations. 
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Hydrogen can be stored as a pressurized gas in underground caverns, above 
ground as a liquid (at very low temperatures) or as a solid in the form of 
hydrides, compounds formed by the diffusion of hydrogen gas into metals. 

As a gas it can flow through pipeline distribution systems cheaply, much 
as natural gas does today. As a liquid it can be stored above ground in 
bulk, perhaps in 10-million-gallon tanks. As a hydride it would consti- 
tute a source of hydrogen gas, which could be used as a portable tank 
of fuel in conjunction with either large engines for mass transportation 
or smaller ones for personal motor vehicles. With relatively nonpolluting 
electric power from any of the eternal sources and clean-burning hydrogen 
in an intermediate role between power plant and consumer, the overall 
impact on the envi ronment--espec?al ly on air pol lution--could clearly 

■k 

be minimized. 

Although hydrogen seems likely to play a major role in the future 
as a form of energy transport and storage, other processes may also be 
useful, at least during the transition period, and In certain locations 
may be preferable for reasons of efficiency or safety. Here we note 
only two possibilities, the first of which, flywheels (wheels which can 
store energy through the speed of their rotation) , looks very promising. 

The second, batteries and fuel cells, represents one of the main candi- 
dates for widespread use in the 21st century. 

JL 

'The only pollutants from burning hydrogen in air are the nitrogen 
oxides. Even these would be much less than the amounts released in using 
gasoline in an auto engine, however. In an external -combust ion mode, 
these oxides can be eliminated almost completely by using lean mixtures, 
especially with catalytic burners, or by burning with pure oxygen. 
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F lywhee ls : It appears to be feasible to construct flywheels of 

almost any needed size that would be efficient converters f 93-95 per- 
cent) in first storing and then releasing electric power. Moreover, 
the kinetic energy of rotation is readily converted to alternating 
electric power, an important feature. Theoretical analysis has shown 
that fiywheels made of modern materials may be able to store enerqy at 
densities comparable to or better than the most promising batteries. 
Furthermore, they could absorb or deliver electric power at rates as 
fast as or faster than almost anv competitive system. But the engineer- 
ing is at an early state of development, and a decade or more may pass 
before this potential can be reliably estimated. 

Ba tte ries and fuel cells: Some of the many batteries being developed 
today look quite promising. Within a decade or two, a battery-operated 
electric auto miqht even become competitive with today's vehicles, at 
least for drivinq ranges up to 200 miles. An electric automobile would 
be pollution free, and would probably be more energy-efficient than the 
internal -combust ion engine (even after allowing for conversion losses in 
obtaining the electric power from a fossil fuel source). It almost cer- 
tainly would be much quieter and require less maintenance. Also, because 
of their efficiency in DC electric systems, batteries could be used for 
electric energy storage in conjunction, for example, with photovoltaic 
systems installed either at large central power plants or in individual 
structures . 
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A fuel cell (which may be considered a hybrid battery ) with about 
AO percent conversion efficiency is expected to enter power production 
on a substantial scale within about five years. Unlike steam-powered 
generators, which are efficient only in large sizes operating at design 
capacity, fuel cells can be made large or small and their efficiency in 
operation is essentially independent of the loading. Thus they may avoid 
most of the distribution costs of electric power as well as provide pol- 
lution-free power and offer substantial opportunities for utilizing the 
"waste heat" effectively. As we proceed further toward electric and/or 
hydrogen-electric power systems, the electric conversion efficiency and 
potential for use of fuel cells can be expected to increase substantially. 

Efficient Use of Energy 

To an observer looking back from the 21st or 22nd century, today's 
use of energy will probably seem inefficient in many respects. In oil- 
fired electric power generation and transmission, for example, about 70 
percent of the energy in the fuel is lost before the user receives the 
power. Autos generally deliver, as motive power, only about 10 percent 
of the energy in the original petroleum. Conservation advocates have 
frequently advised that buildings be better insulated; they also point 
out that most industrial processes are far from optimal in energy utili- 
zation. These inefficient systems have developed during recent decades 

JL 

A battery stores electricity and delivers it on demand. A fuel cell 
creates the electricity from fuels such as natural gas or hydrogen. Like 
a battery, it also can be run in reverse--that is, electricity will create 
fuel . 
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when technology was iin its infancy and energy has been relatively cheap, 
but future trends are apt to change this. Our projection (see Table 6) 
assumes that worldwide efficiency in energy extraction, conversion, and 
utilization will improve overall by a factor of k durinq the next 200 
years. For example, we expect that soon after the year 2000 improved 
methods of generating electricity from fossil fuels could provide an 
overall efficiency of about 60 percent, compared to today's 35-40 per- 
cent. The electric engine or other substitutes for today's internal- 
combusion engines could quickly double, and eventually more than triple, 
present automobile energy efficiencies. Better insulation and design of 
buildings could reduce heat-transfer losses by a factor of 2 or more. 
Electric-powered heat pumps, theoretically much more than 100 percent 
efficient, undoubtedly will be increasingly phased into the economy-- 
especially as the efficiency of electric power production increases. 

Also, electric power transmission losses can be cut by 50 percent or 
more by use of properly shielded higher-voltage overhead lines, more 
modern underground systems and DC power. The current incandescent bulb 
will probably be replaced by other forms of lighting which will be 10 
times more efficient. 

Finally, we expect new power-generating systems to emerge that will 
utilize the waste heat which today is about two-thirds of the total energy 
input and is not only dissipated, but is also considered a pollutant. 

Larqe capital investments are therefore necessary to dispose of it in 
ways which are less environmentally disturbing; this solution is not only 
costly but often unaesthetic (cooling towers are an example). Waste heat, 
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Table 6 

SUMMARY OF GLOBAL ENERGY RESOURCES 


SOURCE 

EST. 

LONG-TERM 

POTENTIAL 

1ST 

COMMERCIAL 

FEASIBILITY 

(EST.) 

PROBLEM 

AREAS 3 

HYDROELECTRIC 

.1 Qe/yr. 

CURRENT 

C 

OIL & NATURAL GAS 

30 Q 

CURRENT 

E 

TAR SANDS & OIL 

SHALE 

30-2,000 Q 

1985 

C , E 

COAL S LIGNITE 

200 Q 

CURRENT 

E 

U-235 (FREE WORLD) 

15 Qe 

CURRENT 

E 

U-235 (OCEAN) 

3,000 Qe 

CURRENT 

C , E 

URANIUM FOR BREEDERS 

>100,000 Qe 

1995 

C , E 

Li-6 (D-T FUSION 

REACTOR ) b 

320 Q 

1995-2005 

C,E,T 

DEUTERIUM (D-D FUSION 
REACTOR) 

>1 bil 1 ion Q 

2020-2050 

C ,E ,T 

SOLAR RADIATION (1* 

OF SURFACE ENERGY) 

30 Q/yr. 

1980-2000 

C,T 

OCEAN GRADIENTS 

20 Qe/yr. 

2000 

C ,T 

ORGANIC CONVERSION 

1.2 Q/yr. 

1975-1990 

C 

GEOTHERMAL— MAGMA 

)1 b i 1 1 ion Q 

7 

C,E,T 

HOT DRY ROCK 

>100,000 Qe 

1990-1995 

C,E,T 

L IQ. DOM. 

> 1 ,000 Qe 

1980-1985 

C,E 

DRY STEAM 

1 Qe 

CURRENT 



Q 

C = cost, E = environment, T = technology 


Li-6: The lithium isotope used to breed tritium in 
first-generation fusion reactors. World 
resources might be 10 times greater than shown. 
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however, has many potentially useful applications. Although there has 
been little incentive for utilizing waste heat until recently, it has a 
demonstrated practicality depending, of course, upon such variables as 
design, season and location. Widespread commercial applications probably 
will not come rapidly, because they often require complex integration 
'into new systems on a large scale — and retrofitting can be very costly. 
However, we expect that during the next 200 years heat sinks tor waste 
energy will increasingly achieve a utilitarian role, thereby reducing 
society's overall energy requirements, and that eventually issues of 
"waste enerqy" projects will be viewed as a relic of the 20th century. 

Table 6 offers an estimate of current major energy resources, as wel 
as the potential capacity of new contributors to meet the world's future 
demands. As we compare Table 6 to Table 3, which projects the world's 
enerqy requirements, the prospects appear quite encouraging. Indeed, we 
expect that all but one of the sources listed in Table 6 will be commer- 
cially feasible before 2050, and most of them by the year 2000. We can 
now only guess which of these alternatives will emerge as the principal 
commercial competitors; the eventual outcome will be a matter partly of 
institutional and environmental developments and partly of technological 
change . 

We do not mean to imply that the path to abundant energy will be 
smooth. Future energy projects will tend to become increasingly immense, 
and costly mistakes may create serious temporary local or regional supply 

"lhe exception is geothermal energy directly from deep molten rock 
{magma) . 
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problems lasting perhaps 5 to 10 years, higher costs, rationing, brown- 
outs and similar troubles. In retrospect, the developed world's present 
vulnerability to OPEC appears to be attributable to a mistake of this 
kind. We find it hard to visualize, however, that the effects of such 
a mistake in the future could last for as long as 20 years, and usually 
it will be for much less time; too many options for new supplies already 
exist and they will increase over time. Even with lead times of 5“10 
years for major facilities, very large changes in production capacity 
can be made within 20 years. We therefore might characterize future 
complete energy systems as relatively inflexible within a decade, 
flexible over 20 years and potentially revolutionary within a half- 
century . 

The basic message is this: except for temporary fluctuations caused 
by bad luck or poor management, the world need not worry about energy 
shortages or costs in the future. And energy abundance is probably the 
world's best insurance that the entire human population (even 15 to 20 
billion) can be well cared for, at least physically, during many centuries 
to come. 
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Chapter 4 

RAW MATERIALS: THE END OF THE BEGINNING 

Most Americans believe we are facing the prospect of a basic short- 
age of minerals in the world, according to a Harris poll taken in Novem- 
ber 1975. A majority of the respondents to the poll (64 percent versus 
29 percent) anticipated that a reduction in future living standards would 
result from continued "wasteful" consumption; they also believed (by 55 
percent to 30 percent) that the disparity between the size of the U.S. 
population and its relatively high per capita consumption of minerals 
(about six times the world average) was harmful to the welfare of the 
rest of the world. As a consequence, 50 percent of those polled were 
concerned that a continuation of this trend would turn the rest of the 
world against the United States. 

These views, which surely were'not generally held 10 years ago, 
presumably were created and/or enhanced by the phenomenon of the limits- 
to-growth, or neo-Ma 1 thusian , movement, as well as by recent shortages. 
Among the more deleterious effects of some of the 1 imi ts-to-growth con- 
cepts may be the sense of guilt or unworthiness it encourages in the 
industrialized world, and the sense of having been shortchanged that it 
encourages in spokesmen for the developing countries. (For some, the 
initials GNP have increasingly been interpreted as representing "gross 
national pollution," and more and more references are made to the "efflu- 
ent society" and "mindless growth" as though industrial production were 
worse than meaningless, as though it generated garbage rather than use- 
ful and desirable products.) Both attitudes are unhealthy, particularly 
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since they are based largely on mi sformulat Ions and misinformation, pro- 
duce unnecessary confrontation and endless irrelevant rhetoric, and 
create an unfortunate diversion of attention from real issues. If the 
neo-Mai thus i an view of the world as a fixed pie were correct, if every 
nonrenewable resource any nation used diminished the amount remaining 
for the rest of the world and future generations, then the world might 
properly be labeled as wicked and unjust. Under these circumstances, our 
encouragement of increased production and our attempts to facilitate 
the greater use of raw materials by all, including the rich of the cur- 
sent generation, could be considered "criminal." But, as already dis- 
cussed, while the fixed-pie metaphor may be very persuasive to some 
people, our analysis finds it completely misleading. The major therne 
of this chapter is that there is an abundance of raw materials for 
future generations as well as the present one, and that the more we de- 
velop economically and technologically, the more there will be for all 
of humanity. 

Generally speaking, while modern societies might appear to be quite 
vulnerable to a sudden severe shortage of energy or food, they have al- 
most never been desperately vulnerable to shortages of raw materials. 

For example even during wartime, when blockades cut off normal sources 
of supply and the manufacturing and construction industries were redi- 
rected to the needs of a wartime economy, civilians usually have managed 
to fulfill their vital needs surprisingly well for long periods of time 
(although there were annoyances in terms of their creature comforts, such 
as having to maintain their cars or houses a little longer, fix broken 
appliances more often, and repair frayed clothing or shoes). In this 
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context it would be possible for a modern society to live for years, if 
necessary , with its existing structures and stocks of manufactured 
products . 

This is not to say that the lack of adequate raw materials might 
not have an extraordinary effect on the business cycle, for it could 
easily mean the difference between prosperity and depression, between 
winning and losing a war. It is only to say that mineral shortages are 
unlikely to have an immediate impact upon survival expectations. Not 
only is it a fundamental law of science that no elementary substance 
(except radioactive ones) can be used up, but, except for fuels in a 
modern society, most of the resources which have been extracted from the 
earth generally exist above ground somewhere and thus can be reclaimed and 
recycled, provided only that sufficient energy is available. Indeed, given 
the potential of future technology to recycle, to conserve energy and 
materials, and to accomplish more with less resources, it does not appear 
unreasonable for the long-term future to imagine an expanding economy 
operating largely on recycled materials, should any become relatively 
scarce . 

Finally, we should realize that, in principle, no industrial society 
can be dependent in the long run upon any single critical industrial 
mineral. This should be obvious because if such a mineral had never been 
discovered, industries would have developed around the minerals we did 
know about, and we would not be aware of our loss. The only raw material 

^ 1 " " ■ 

The noted economist Wilfred Beckerman is fond of pointing out 

that civilization has fai led because his uncle forgot to invent 
"Beckermon i urn," just such a "critical" material, one that would now 
be dominating society if ;Only his uncle had invented it (Wilfred Becker- 
man, In Defense of Economic Growth [London: Jonathan Cape, 197-4]). 
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that might cause one to question this statement even momentarily is iron 
because the widespread availability and utility of iron ore have led to 
our steel-based civilization. Obviously, every society becomes dependent 
upon its traditional raw materials and would find it difficult to make a 
relatively rapid change if a sudden unanticipated shortage appeared. But 
that is to take a short-term view. 

Over the long term we have projected world population growth to 15 
billion and GWP to 5300 trillion by 2176, with an abundance of energy at 
roughly today's prices (or at least not more than triple). Under these 
circumstances the world's annual requirement for raw materials, if linear 
with GWP, would be about 60 times that of today (although a factor of 15 
or less might be more reasonable because of the expected relative increase 
in services over production, the lower relative value of raw materials in 
a more highly technological society and the reduced requirements antici- 
pated for maintenance and replacement). Yet even with a factor of 60, 
we would reject out of hand the notion that we could r un out of any 
reaily critical material resource, one that would prevent the growth we 
envisage from actually occurring. 

it is our view that very few important materials in the world— -per- 
haps none--w i I 1 become unduly scarce, although the distribution of the 
pir ime sources of many of them often is so uneven that unless we are care 
fui cartels might occasionally be able to extract higher prices than 
usual from consumers, thus causing local needs for conservation, substitu- 
tion and redesign. (If the price set by a cartel has been high for 
decades, then there usually is not a problem because the user has 
not become excessively dependent.) Gold and silver are high-priced 
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metals mostly because they are naturally scarce; consequently we use 
them less than we otherwise would and have never become dependent on 
them. For example, we make most electrical wire out of copper though 
silver would be better; and when the price of copper gets too high, as 
it occasionally has, aluminum can take its place for most present uses 
(although this does force adjustments that may be temporarily incon- 
venient). The same considerations apply to all meta 1 s-- i ndeed , to almost 
a 1 1 materials . Table 7 lists some potential substitutes for metals in 
common use. It should be noted how frequently plastics appear. The 
increasing utility and versatility of plastics and other new materials 
(such as high-strength fibers and composites) reinforce the general argu- 
ment, even though it may not need reinforcing. 


Table 7 


MATERIAL 


PRINCIPAL SUBSTITUTES FOR MATERIALS 

PRINCIPAL SUBSTITUTES 


Aluminum ore/bauxite 

Chromium 
Cobal t 
Copper 
Lead 

Molybdenum 

Tin 

Tungsten 

Zinc 


Kaolinite, dawsonite, a 1 unite, 
anorthosite, nepheline syenite, 
saprol i te, coal ash 

Nickel, molybdenum, vanadium 

N i ckel 

Aluminum, plastics 

Rubber, copper, plastics, 
tile, titanium, zinc 

Tungsten, vanadium 

Aluminum, plastics 

Molybdenum 

Aluminum, plastics 
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In a hypothetical world in which all materials would be sold at 
approximately their marqinal cost of extraction (or production), the 
possibility of any shortages because of exhaustion could be anticipated 
for decades and gradual adjustments made to avoid undue economic stresses. 
In the real world sudden or very rapi d changes in supply or demand can 
occur and create temporary economic anguish. The rate of growth In GWP 
increased by about 40 percent during 1973 (and into 1974) and at the same 
time there was an unusual deqree of inventory accumulation accompanied 
by considerable speculation in commodities. As a result, prices sky- 
rocketed and we were informed that "everything was scarce" in 1974. But 
only a year later, "nothing was scarce." How easy it was for panic to 
take hold when the 1973-74 commodity price fluctuations followed the 
energy crisis. That "everything scarce" phenomenon quickly became a 
permanent theme about a growing resource dilemma of the world, even 
though many commodity and resource prices returned to "normal" levels 
after about a year. In any event, the possibility of mineral resources 
beinq depleted over the course of the next century or two needs to be 
examined carefully and thoughtfully if the argument that an expanding 
demand will soon exhaust the supplies of a finite earth is to be refuted. 

T tie Long-Term Perspective fo r R eso urces 

in a recent work, one of the leading neo-Ma 1 thus i aris , Dennis Meadows, 
listed 19 principal mineral resources in use today, with estimates of 
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7? • 

their reserves and their potential resource base. In each case it 
appeared that the mineral was "soon" to be exhausted if the projected 
worldwide growth in its use continued, with estimates ranging from a 
low of 6 years to a high of 154 years before exhaustion. Therefore, 
the inescapable conclusion, based on the data presented by Meadows, 


was that the world must reverse its economic growth tendencies. 

Since our view of the future of mineral resources so directly con- 
tradicts that of Meadows and his colleagues, we find it necessary to 
explain the huge gulf between the two points of view. First, consider 
the three energy minerals — coal, oil and natural gas, the most impor- 
tant energy sources today. We have already analyzed alternative energy 


"potential 

EXHAUSTION OF 

SELECTED 

MINERALS 



Average Annual 

Years 

Remaining 

Resource 

Growth in 

Use (%) 

Low 

Hiqh 

Aluminum 

6.4 


33 

49 

Ch romi um 

2.6 


115 

137 

Coal 

4.1 


118 

132 

Cobal t 

1.5 


90 

132 

Copper 

4.6 


27 

46 

Gold 

4.1 


6 

17 

1 ron 

1.8 


154 

n.a. 

Lead 

2.0 


28 

119 

Manganese 

2.9 


106 

123 

Mercury 

2.6 


19 

44 

Molybdenum 

4.5 


65 

92 

Natural gas 

4.7 


19 

58 

N i ckel 

3.4 


50 

75 

Petroleum 

3.9 


23 

43 

PI at i num 

3.8 


41 

49 

Silver 

2.7 


15 

23 

Tin 

1.1 


62 

92 

Tungsten 

2.5 


27 

n.a. 

Zinc 

2.9 


76 

115 


Adapted from Dennis L. Meadows et aj_. , Dynamics of Growth 
in a Finite World^ (Cambridge, Mass.: Wright-Alien Press, Inc., 

1974), pp. 372*73.' 
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resources in some detail and found that with very little doubt we could 
expect essentially an eternal abundance of enerqy, the only requirements 
being that the sun keep shining and modest technological proqress con- 
tinue for a few years. Sut one would be forced to an opposite conclusion 
if Meadows' data were the sole source of information. We do not have the 
space to deal with each of the remaining 16 minerals he lists, but we 
will discuss aluminum, iron and mercury in some detail and the rest with 
more general observations. 

Except for s i 1 i cor {a semimetal), aluminum is the most abundant 
metal in the earth's, crust, which contains about 3 percent aluminum., or 
roughly 2 million trillion tons. Can that much metal (or even .0001 per- 
cent of it) be used up in kS years, the high side to Meadows' estimate? 

The resolution of the apparent confusion lies in Meadows' footnotes., where 
he explains that he has counted only the aluminum in known reserves of 
bauxi te. In other words, if we ignore every possible source of alumi- 
num except known high-grade bauxite deposits, we will come up with his 
numbers. Or will we? No, not even then. For even though he states in 
a footnote that unless otherwise specified he will use data from the 
1973 U.S. Geological Survey document, U.S. Minera l Res ources, in the 
case of aluminum there is. another footnote explaining that he has 
taken the estimate of aluminum reserves instead from the earlier U.S. 
Bureau of Mines report M i nera il_ Jac_ts_ and_ Probl ems . 1970, which happened 
to use a 1965 estimate that was less than half the one given in the 1973 
document. Moreover, the later volume unambiguously tells us in a sum- 
mary statement that "...the nation has virtually inexhaustible potential 
resources of aluminous materials other than bauxite," and it proceeds to 
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describe 10 of them in illuminating detail-including the fact that one 
U.S. deposit of oil shale (250 square miles in surface area) contains 
19 billion tons of the mineral dawsonite (about one-fifth pure aluminum) 
which is available as a by-product of extracting shale oil. This single 
small area contains more aluminum than Meadows' estimate for total known 
world reserves plus potential future resources. 

As for iron, the world's most important metal, Meadows tells us that 
we may have reserves enough for only 15** years, and regarding potential 
resources says "no estimate available." This is true—sort of. The 
Geological Survey does assert, however, that "Because of the great amounts 
of identified iron-ore resources, no attempt is made to estimate quanti- 
ties of hypothetical iron-ore resources beyond stating that they are 
enormous."* How could they be otherwise when iron constitutes about 
6 percent of the earth's crust? 

Mercury, like gold and silver, is relatively scarce--or perhaps it 
would be more accurate to say that it is hard to find. Therefore, if 
we continue to use it at increasing rates, there might be no more avail- 
able after 44 years (Meadows' high-side estimate). How do we handle this 
problem, assuming that the estimate of supply is valid (although we will 
even question this later)? To answer, we look at the principal uses of 
mercury and consider the possibility of other solutions. The fact is 
that there are substitutes available for each of the major uses of mercury. 

Vs. Geological Survey, ILL, Mineral Resource^ (Washing- 
ton: U.S. Government Printing Office, 1973), P- 301. 

**H. E. Goeller and Alvin M. Weinberg, The Age of Substitutability , 
Eleventh Annual Foundation Lecture for presentation before the United 
Kingdom Science Policy Foundation Fifth International Symposium - "A 
Strategy for Resources" - Eindhoven, The Netherlands, September 18, 1975. 
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Indeed, some of the former uses are now banned because of the extremely 
poisonous nature of mercury compounds. While some of the suggested sub- 
stitutes might be more expensive, up to 4A years are aval table to find 
better ones; if this fails, then extra costs might have to be paid. But 
if some of the substitutions are successful, that would give more time to 
work on the others--and, indeed, more mercury might also be found. 

It should also be pointed out that Meadows' estimate for 
mercury resources must be naccurate since good data are simply 
rot. available. The Geological Survey report says: "At most mer- 
cury mines, no effort has been made to ascertain the ultimate reserve 
of the deposit in advance of exploitation, and at few mines is enough 
ore blocked out for more than one year of operation."" Indeed, Meadows' 
estimate, given under the heading "Hypothetical plus Speculative Resources 
is, as he states in a footnote, for "mercury recoverable at $1 ,000/f lask"- 
that is, it is an estimate of low-grade identified reserv es and does not 

include hypothetical or speculative resources at all. 

The fact is that known reserves for most minerals tend not to exceed 

a few decades of demand, tor obvious economic reasons. We would not be 
surprised to learn, for example, that if the lead industry had proved 
reserves sufficient for 30 years at anticipated demand, they would be 
only mildly interested in searching for new reserves. Since anything 
found today probably could not be sold for 30 years or so, it would 
hardly be a fantastic investment opportunity. Indeed, great success by 
several companies in locating new reserves would put severe pressure on 
current prices. Consequently, if new lead mines are found in the next 

U .S. Mineral Resources, p. 1*08. 
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few years it is more likely to be a fortuitous discovery than the result 
of a concerted exploration for the mineral. Thus far, capital spending 
in the mining and primary metals industries has remained unchanged from 
1967-68 levels, which would not suggest that any uncommon shortages in 
reserves are being felt by them. 

World reserves of many minerals have actually grown so rapidly, 
as Table 8 shows, that if further exploration were encouraged it would 
be more for reasons of national security or fear of excessively high 
prices from foreign cartels than from a concern about fundamental short- 
ages. If the estimated recoverable zinc resources are sufficient for 
at least 1,000 years at current demand rates, as they are, who would be 
interested in exploring for more now? On the other hand, if current ore 
reserves were down to 10 years or less, then the marketplace would reflect 
that condition with increased prices until new mines are opened and 

reserves are expanded to higher levels. 

Because of these economic considerations, there is little reason for 

known reserves to exceed the expected demand by more than a few decades. 

It does happen occasionally, but no^ -because shortages have prompted a 
search for additional supplies. Thus, if we have stumbled upon coal 
reserves sufficient for more than 200 years and iron ore for more than 
1,000, we can hardly expect private investors to be excited about a pro- 
posal to look for scill more. As a result, those who make conservative 
predictions about the future availability of materials based upon such 
data naturally tend to underestimate future production capability. The 
literature is full of such predictions. As one example, the prestigious 
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Table 8 

HOW "KNOWN RESERVES" ALTER 

I ' KNOWN RESERVES 7 KNOWN RESERVES ‘ '[ PERCENTAGE 


I ORE 

i 

IN 1950 (1,000 
METRIC TONS) 

IN 1970 (1,000 
METRIC TONS) 

INCREASE j 

| IRON 

19,000,000 

251 ,000,000 

CM 

CO 

i MANGANESE 

500,000 

635.000 

27 1 

j CHROMITE 

100,000 

775,000 

675 i 

i TUNGSTEN 

1,903 

1 ,328 

- 30 

COPPER 

1 00 ,000 

279,000 

179 

i LEAD 

40 ,000 

86,000 

115 

i ZINC 

70,000 

1 13,000 

61 

| TIN 

6,000 

6,600 

10 I 

j BAUXITE 

1,400,000 

5,300,000 

279 

! POTASH 

5 ,000 ,000 

118,000,000 

2,360 t 

i PHOSPHATES 

26 , 000,000 

1 , 178 , 000,000 

4,430 

OIL 

75,000,000 

455,000 ,000 

507 ; 


Source: Special Report. C ritical Imported Mater i al s , Counc i I 

on I '(iter national Economic Policy, Executive Office 
of the President, December, 1 97 ^ (page 14). 
Washington, D.C.: U.S. Government Printing Office. 
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Paley Report of 1952 stated that by the mid-1970's U.S. copper production 
would not exceed 800,000 tons; in fact, it was 1.7 million tons in 1 973 - 
The report also said the maximum lead production would be 300,000 tons; 
yet in fact it exceeded 600,000 tons. This tendency to underestimate 
future production is so strong that similar mistakes are made over and 
over again, as Tables 8 and 9 vividly illustrate. 

The tendency to confuse temporary shortages with permanent ones can 
be caused by various factors. For instance, a cartel, while it is suc- 
cessful, deliberately creates a shortage of supply sufficient to increase 
the price of its controlled commodity substantially. During the height 
of the cartel's success there is a tendency to believe that the induced 
shortage can become permanent. Historically most such cartels have failed. 
OPEC, which has had a phenomenal recent success, is now being tested by 

J. JL 

the economic reactions to the threat that it poses. But the main point 


U.S. President's Policy Commission, Resources for Freedom (Washington, 
D.C.: U.S. Government Printing Office, 1952 T. For the 1973 figures, see 
Statement of Simon D. Strauss, executive vice-president, American Smelt- 
ing and Refining Company, "Global Scarcities in an Interdependent World," 
Hearings before the Subcommittee on Foreign Economic Policy of the Com- 
mittee on Foreign Affairs, Ninety-Third Congress, May 1974, p. 121. 


In this connection, the following is presented as an amusing a fortiori 
scenario about possible developments with a copper cartel: 

In response to certain events that occurred before January 1985 (the 
activities of an effective international copper cartel, depletion of Ameri- 
can copper resources during the prior decade, and a doubling of demand for 
the metal after energy became cheap again and worldwide industrial growth 
boomed), the price of copper rose rapidly within several months from $1 
to $10/lb. and hovered there after May 1985- The following facts were 
recorded: 

1. The U.S. had "consumed" about 90 million tons of copper, most of 
which still existed in various forms within structures or equipment. As 
the value of scrap copper increased from .70 to $9/1 b. during the 1 985 
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Table 9 

OIL PROPHECIES AND REALITIES 


Date 

1866 

1 88S 

1891 

1908 

191*1 

1920 

1931 

1939 

1947 

1949 


U.S. Oil 
Product ion 
Rate (Bi I I Ion 
Bbl s/ Y r) 

.005 


.02 


.05 


.18 


-27 

.45 


.85 


1.3 

1.9 


2.0 


Prophecy 

Synthetics available if oil 
production should end (U.S. 
Revenue Commission) 

Little or no chance for oil 
i K California (U.S. Geologi- 
cal Survey) 

Little or no chance for oil 
in Kansas or Texas (U.S. 
Geological Survey) 

Maximum future supply of 22.5 
billion bbls. (officials of 
Geological Survey) 


Total future production only 
5-7 billion bbls. (official 
ttl L.S. Bureau of Mines) 

U.S. needs foreign oil and 
synthetics: peak domestic 
production almost reached 
(Director of U.S. Geological 
Survey) 

Must Import as much foreign 
oil as possible to save 
domestic supply (Secretary 
of the Interior) 

U.S. oil supplies will last 
on I y 13 years (radio broad- 
casts by Interior Department) 

Sufficient oil cannot be 
found in United States 
(Chief of Petroleum Division, 
State Department) 

End of U.S. oil supply 
almost in sight (Secretary 
of tie Interior) 


Real i ty 

In next 82 years the U.S. 
produced 37 billion bbls. 
with no need for synthetics 

8 billion bbls. produced in 
California since that date 
with important new findings 
in : 948 

I A billion bbls. produced 
in these two states since 
1891 

35 billion bbls. produced 
since 1908, with 26.8 billion 
reserve proven arid available 
on January 1, 1 9^9 

34 billion bbls. produced 
since 1914, or six times 
this prediction 

1948 U.S. production in 
excess of U.S. consumption 
and more than four times 
1920 output 


During next 8 years imports 
were discouraged and 14 
billion bbls. were found in 
the U.S 

New oil found since 1939 
exceeds the 13 years' 
supply known at that time 

4.3 billion bbls. found in 
1948, the largest volume in 
history and twice our 
consumption 

Petroleum Industry demon- 
strated ability to increase 
U.S. production by more than 
a million bbls. daily in the 
next 5 years. 


Source: Presidential Energy Program, Hearings before the Subcommittee ori 

Energy and Power of the Committee on Interstate and Foreign Commerce 
House of Representatives. First session on the implications of the 
President's proposals in the Energy Independence Act of 1975. 

Serial No. 94-20, p. 643. February 17, 18, 20, and 21, 1975- 
Washington, D.C.: U.S. Government Printing Office. 
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is that unless the cartel slows down research and exploration, techno- 
logical progress, and/or economic development, its actions will cause 


price rise, metal dealers realized that existing U.S. copper was now worth 
about $1.7 trillion, an average of $6,000 per person! — almost equal in 
value to a third of the prior wealth of the country (estimated fn 1984 at 
about $5 trillion). Needless to say, a rush developed to locate old brass 
beds, brass handles, copper pots, lamps, locks and all other copper scrap 
and 65 billion pennies were suddenly worth a nickel each at the scrap 
dealer 1 s. 


2. Utility companies went into a crash program to substitute alumi- 
num for copper in transmission lines, engineers began designing copperless 
heat exchangers, many radiant-heated floors and walls were ripped open to 
get the copper tubing, and plumbers were in great demand to replace copper 
pipes and tubing in homes and buildings. 

3. CBS News reported one engineer's calculation that copper could be 
profitably extracted from many of the above-average grades of igneous rock 
at a cost of about $4/lb. At $6/ lb. profit from the copper, the higher- 
grade volcanic rock in the U.S. was now worth about $5/ton (net profit), 
and the engineer estimated the total value to be more than $1,000 trillion 
for rock within 100 feet of the surface. The next morning there was a 
stampede at every mining claims office in the world. 

4. It was reported that people were lined up in long queues with 
barrels full of copper and brass artifacts at every scrapyard in the 
developed world, waiting for their turn to sell. 

5. Before the year was up, nearly everything that had been made of 
copper had been redesigned to use other metals. Where used at all, copper 
was applied in only very thin films, as in electroplating. 

6. It was on November 1 that quotations on copper futures first 
started to plummet, and they fell the limit every day for 38 days. By 
year's end copper was once again $l--a month later it was only .50/lb. 

Some of the new alternatives were found to have unanticipated advantages 
over the original copper construction, many substitute projects were al- 
ready under way, and manufacturers were loath to risk using copper again. 

7. The copper affair sent shock waves throughout world economies; 
some organizations went bankrupt, and many people who had bought copper 
futures at $8— 1 0/ 1 b . were ruined. 

A number of conclusions can be drawn from this scenario: 

1. Copper is a renewable resource. Mining and smelting Just change* 
it from a low-grade ore below ground to a very high-grade ore above. 
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he resource to last longer than it otherwise would have. 

Near-Term Impojrt Dep endence 

The Third World, generally speaking, is poor, not rich, in the raw 
materials used by modern society. Most of the world's current known 
reserves of raw materials belong to the developed nations--80 percent 
n Canada, Australia, the United States, the Soviet Union and South Africa 
But perhaps these reserves are "known" precisely because these countries' 
knowledge about their actual mineral resources is far more advanced than 
hat of the Third World. 

Although it is a major producer of raw materials, the United States 
depends upon imports of certain important metals or their ores --tota 1 I y fo 
cobalt, chromium and manganese, between 80 and 90 percent for tin and 
bauxite, and between 60 and 70 percent for nickel and zinc. All in all, 
however, the United States is extraordinarily well situated in terms of 

?., The above-ground reserve is scattered but easily col lect i ble-- 
when the price is right. 

3. There are now about 80 million tons of copper iri the U.S. — above 
ground . 

if. At about $Vlb. the amount of copper available from ores becomes 
essentially unlimited. 

5. Nothing made in quantity from copper today is critical. The 
electrical and heat-conduction properties of copper are excellent, but 
substitutes are available and some may even be cheaper orice the capital 
is invested. 

6. The price of cooper will be limited in the long-term future by 
the cost of mining it from lower-grade ores or extracting it from marine 
sources. Either source, if needed, is likely to come in at much less 
than $Vlb. throughout the next century. 
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» 

Industrial raw materials. Although It Is not self-sufficient, Its depend- 
ence, upon Imported materials is much less than that of Western Europe or 
Japan, as Figure 7 shows. 

How are these dependency figures to be interpreted? For the near 
term, the figures can be taken literally, but for the medium term or beyond, 
they tend to become meaningless--at least for the United States. Most ores 
or metals are imported because it is the cheapest way to obtain them. If 
the current import sources become exhausted or uneconomical for 
various reasons, then lower-grade ores can be mined elsewhere or other 
materials might be substituted to a significant extent. Given 10 years 
or more to anticipate a particular problem, it is hard to imagine a mineral 
that would cause a severe industrial crisis because of a constricting 
supply from present sources. 

Mutual Dependence 

If the producers of copper, cocoa, tin or any other commodity de- 
cide unilaterally to impose a large increase in the price of their 
product, usually there is no automatic corrective mechanism in the short 
run. in the medium run everything depends upon what action is taken by 
the buyers of the commodity and their governments. We have already seen 
examples of this in bauxite and phosphates: Jamaica recently increased 
its bauxite prices; Morocco, which produces the majority of the phosphate 
used In Europe, has increased its price by about three times. The first 
set of prices has remained firm and perhaps could be increased again; 
the second has already begun to fall dramatically. But neither of these 
actions should constitute any major threat to the industrialized countries, 
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assuming that these countries formulate appropriate economic and techno- 
logical policies. In both cases new investment is now being directed 
toward breaking the monopoly of the producers, though the effort has not 
gone very far yet. 

Among commodity producers, the copper-producing countries have been 

A 

successful recently in banding their interests together. Cl PEC, the 
producers' association formed by the main copper-produci ng nat ions— Chi le , 
Zambia, Peru and Zaire — was modeled after OPEC in an attempt to maximize 
revenues from copper production. Since the amount of primary copper pro- 
duced by these four countries, as a fraction of total primary copper pro- 
duction, is only about 10 percent less than the comparable figure for 
crude petroleum produced by the Arab members of OPEC plus Iran, there 
appeared to be a prima facie case for the success of such an association. 
But when the demand for commodities began to falter in 1974, the pressures 
from substitutes and recycling (and the dumping of Japanese stockpiles of 
copper) almost completely negated the cartel's program. 

The fact is that the real prices of many important raw materials 
were about constant or declined between the early 3 950' s and 971 , as 
shown in Table 10. Where the revenues of the producer countries increased 
over the period, it was principally through increasing volume and higher 
productivity. A recent study has also shown the trend of declining real 
commodity prices since 1900, noting the ratio of the price of some of 
the most important minerals to the price of labor in the United States. 


Conseil Intergouvernmental des Pays Exportateurs de Cuivre. 
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Table 10 


METAL PRICES 

Tt/\bT ' 


YEAR 

ALUMINUM 

COPPER 

LEAD 

CURRENT 

PRICES 

CONSTANT 

PRICES 

CURRENT 

PRICES 

CONSTANT 

PRICES 

CURRENT 

PRICES 

CONSTANT 

PRICES 

1946 

14 

14 

13-8 

13-8 

8. 1 

8.1 

1948 

14.7 

11.9 

22 

17-8 

18 

14.6 

1950 

16.7 

13.5 

21.2 

17.2 

13.3 

10.8 

1952 

18.4 

13.5 

24.2 

17.8 

16.5 

12.1 

1954 

20.2 

14.5 

29-7 

21.3 

14 

10 

1956 

24 

17.2 

41 .8 

30 

16 

11.5 

1958 

24.8 

16.8 

25.8 

17-4 

12.1 

8.2 

i960 

26 

17.1 

32 

21.1 

12 

7.9 

1962 

23-9 

15-4 

30.6 

19-8 

9.6 

6.2 

1964 

23.7 

14.9 

32 

20.2 

13.6 

8 . 6 

1966 

24.5 

14.7 

36.2 

21 .8 

15.1 

9.1 

1968 

25.6 

14.4 

41.8 

23.5 

13-2 

7.4 

1970 

28.7 

14.4 

57.7 

29 

15.6 

7.8 

1972 

26.4 

12.0 

50.6 

23 

15.0 

6.9 

1974(MAY) 
1975 (OCT) 

ll 5 

13.0 

14.6 

130 

56 

53.5 

20.5 

32.5 

m 

13.4 

7.3 


Base date for constant: prices is 1946. 


Source: Metal Statistics (Frankfurt-on-Main, Meta 1 1 qese I 1 schaf t 

AkTienae sell schaf t , 1973), for current price data through 
1972; The Nev^ Yor l< T imes for 1974 and 1975 current price 
da ta . 
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The examples of copper, Iron, zinc, aluminum and crude petroleum are 
given in Table 1 1 . 

This continuous decline in the cost of minerals relative to labor 
over the last 70 years came to a dramatic halt during 1 973- 7^ » when the 
commodity boom saw most raw material prices doubled or tripled, even 
without cartels. But then, in the recession in the major consuming 
countries during 1974-75, the majority of raw material prices fell, some 
by more than 50 percent. 

We expect that in the medium term average prices will be somewhat 
above the depressed pre-1973 levels. Over the long term the fluctuations 
of the commodity cycle will undoubtedly continue, around a slowly changing 
trend line, which is much more likely to be downward- than upward-sloping. 

Future Long-Term World Demand and Supplies 

If we look at the principal metals used in the world (Table 12), we 
note that over 95 percent of the world demand is for five metals which 
are not exhaustible. The least abundant of these is titanium, which 
constitutes about 1 percent of the earth's crust and which eventually, 
as technology improves, may become one of the world's most important 
metals because of its light weight, strength and excellent corrosion 
resistance. We therefore need be concerned only about the other 5 per- 
cent. Moreover, as we find after digging deeply enough into the spe- 
cifics related to each of the next seven metals in Table 12 (including 
new discoveries, new sources, advancing technology and the potential 
for recycling, substitution and functional redesign), our future prob- 
lem can be reduced at most to worrying only about the remaining ones 
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Table II 


PRICE OF 

MINERALS RELATIVE TO 

AVERAGE COST OF 

LABOR 



1900 

1920 

1940 

1950 

I960 

1970 

COPPER 

78S 

226 

121 

99 

82 

100 

IRON 

b20 

287 

144 

112 

120 

100 

1 1 NC 

794 

400 

272 

256 

126 

100 

ALUMINUM 

3,150 

859 

287 

166 

134 

100 

CRUDE PETROLEUM 1,034 

726 

198 

213 

135 

100 

8a se: 1970 = 

= 100 






Source: W.D 

. Nordhaus, 1 

'Resources 

as a Constraint 

on Growth," 

Amt: 

rican Economic Review, 

May 1974 
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Table 12. 


RELATIVE CONSUMPTION OF IMPORTANT 



INDUSTRIAL METALS (19b») 



U.S. 

WORLD 

CLEARLY INEXHAUSTIBLE 


85.70% 

89.83% 

ALUMINUM 

8.22 

4.47 

SILICON 

1.05 

.71 

MAGNESIUM 

.21 

.09 

TITANIUM 

.02 

.01 

SUBTOTAL 

95.20% 

95.11% 

PROBABLY INEXHAUSTIBLE 



COPPER" 

1.38 

1.35 

ZINC 

1.23 

.97 

MANGANESE 

1.19 

1 .76 

CHROMIUM 

.50 

.45 

LEAD 

.25 

.20 

NICKEL 

.15 

.09 

TIN 

.03 

.03 

SUBTOTAL 

/^4.73% 

^ 4.85% 

TOTAL 

99.93% 

^99.96% 


Source: Goeller and Weinberg (1975) derived these data 
from Mineral Facts and Problems , 1970, U.S. 

Bureau of Mines, Bulletin 650, Washington, D. C. 
Government Printing Office, 1970. 
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(including mercury), which together constitute less than 0.1 percent of 
the tota i demand. There should be some relief in concluding that 99.9 
percent of the probable future demand for metals (by weight) is clearly 
satisfiable at least for a world of 15 billion people and $300 trillion 
GWP — and that this conclusion does not depend upon using the consider- 
able resources of outer space. 

In examining data about "known reserves" or "ultimately recoverable 
resources," we are dealing with the technology of the immediate or near 
future. For our a fortiori argument, we only assume that the main changes 
that will take place in mining will involve equipment and techniques 
similar to those currently in use, exploiting lower grades of ore. In 
the 19th century, for instance, only copper ores containing 4 to 6 per- 
cent of copper were reqarded as useful. At present, however, ores are 
worked with an ore content of as little as 0.4 percent. It is virtually 
certain that in 20 to 30 years ores with as little as 0.29 percent will 
be profitably exploited. Flotation methods of enriching polymetallic 
ores have been developed, and hyd rometa 1 1 urg i cal and other processing 
techniques make it possible to extract zinc, lead, silver, copper, nickel, 
cobalt and many other metals from low-grade ores. Until recently, for 
example, the mineral nepheline (about 20 percent aluminum) was considered 
to be of little or no value. Now a technique has been developed for ex- 
tracting its aluminum content, and it has been reclassified as a valuable 
raw material. Indeed, as mentioned earlier, the U.S. Geological Survey 
now lists 10 major sources of aluminum other than bauxite. Technological 
advances of this type are certainly not uncommon and will clearly continue. 
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Certain other corridors of technical development seem to be opening. 
The first involves the possibility of extracting minerals at deeper levels 
of the earth than are worked today. At depths of more than 5 kilometers, 
some of the rock formations are thought to contain extremely large de- 
posits of iron, manganese, chromium, cobalt, nickel, uranium, copper and 
gold. In order to get at these resources, very sophisticated scientific 
research and engineering design are necessary to develop instruments and 
equipment that can be used under extreme heat and pressure. Although in- 
tense research and development efforts are under way, it may not be until 
sometime after the year 2000 that this equipment has been evolved. That 
it will evolve seems almost certain. Whether or not it will be economical 
is less clear. But if other methods grow very costly, then this one 
would become more competitive. 

A real ly big difference in both the near- and long-term futures 
seems likely to be caused by the mining of the ocean floor, which is al- 
ready developing rapidly. Interest has been shown in this concept since 
the beginning of the 1 960 * s , and the basic technology for mining at depths 
from 10,000 to 15,000 feet now appears to be available. The manganese, 
nickel, cobalt, copper and other minerals that are found on the floor of 
the Pacific Ocean in iron-manganese nodules would, if brought to the 
surface, increase the supply of some items enormously. It is still too 
early to give accurate estimates of the amount of the nodules, but some 
experts have claimed that the Central Pacific alone could contain 
1,600 billion tons. Table 13 shows estimates of the potential of these 
nodules (based on a 1 , 000-bill ion- ton total) and compares them with 
other resources. The lessons that will almost certainly be learned in 
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Ta ble 13 

SOME COMPARATIVE LAND AND SEA RESOURCES 
(tonsf 



i'a } i 

LAND' ; 

OCEAN 

nodules' ; 

1 

SEA , . 
WATER C 

EARTH / n ! 

CRUST d 

ALUMINUM 

3.6 BILLION 

- 

1 

18 BILLION 

80,000 TRILLION 

CHROMIUM 

1 

8.9 BILLION 

- 

80 MILLION 

I 

I 110 TRILLION 

COBALT 

11 MILLION 

3 BILLION 

800 MILLION 

25 TRILLION 

COPPER 

1.06 BILLION 

3 BILLION 

6 BILLION 

63 TRILLION 

GOLD 

50,000 


8 MILLION 

3.5 BILLION 

| 1 RON i 

710 BILLION 

130 BILLION 

18 BILLION 

58,000 TRILLION j 

i LEAD 

1 .8 BILLION 

4 BILLION 

60 MILLION 

12 TRILLION 

; MANGANESE | 

24 BILLION | 

160 BILLION 

4 BILLION 

1 ,300 TRILLION j 

1 

j MERCURY 

920,000 i 

s 

- 

60 MILLION 

9 BILLION 

1 URANIUM j 

29 MILLION^ i 

f 

l 

- 

6 BILLION 

, 180 BILLION 


(a) 


Dennis Meadows, 


Dynamics of Growth in a Finite W or 1 d . 


(b) 


Assumes 1 trillion tons recoverable ore. Uncertainties are larqe. But 
J. Mero estimates 1.6 trillion tons in the Pacific Ocean alone. (John L. 
Mero, "Potential Economic Value of Ocean-Floor Manqanese Nodule Deposits," 
in David R. Horn (ed.), A Conferen ce o n Ferromang anese Deposits on the 
Ocean Floor (Washington, D.C.: the Office for the International Decade 
of Ocean Exploration, National Science Foundation, January 1972), p. 191.] 


(c) 


National Research Council, 
man, 1969). 


Resources and Man (San Francisco: 


W. H. Free- 


'Upper layer only: 1 million trillion tons — about 4 percent of total. 
From LL S_. Mi nera l Res our ces, 1 973 . 

,{ e ) 

' High estimate of U.S. resources at costs up to. $ 1 00/ lb. 
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this field in the next 5 or 10 years should result in substantial produc- 
tion from the seabed well before the end of this century; and this kind of 
mining will perhaps be especially attractive for nations such as Germany 
and Japan, which are currently have-nots from the point of view of natural 
resources, but are highly developed and organized in industrial research 
and production techniques. 

Other long-term possibilities include extracting ores from seawater 
or processing higher-grade rocks. Calculations indicate that every cubic 
kilometer of seawater contains approximately 37.5 million tons of solids 
in solution or suspension. The major portion of this consists of sodium 
and chlorine, but there is also an enormous amount of magnesium and vary- 
ing and relatively huge quantities of gold, cobalt, lead, mercury and 
many other minerals. A cubic kilometer of the earth's crust on average 
contains about 210 million tons of aluminum, 150 million tons of iron, 
150,000 tons of chromium, 7,000 tons of uranium, 80,000 tons of copper, 
and so on. Table 13 compares the crustal and sea resources with Meadows' 
estimates for land resources. 

Current techniques already make It possible to obtain some materials 
from the sea and from the ocean floor. Others will follow as incentives 
develop. For example both the Japanese and the Germans have launched 
projects to extract uranium directly from seawater. In time the rocks 
and the ocean will constitute an essentially infinite resource base, 
although it is unlikely in view of the alternatives that average crustal 
rocks will ever be mined for mineral content. 

The above would seem to most to be an optimistic scenario. We would 
characterize it as realistic, but because of the many potential advances 
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it has leftout, it may be a little pessimistic. After all, why is it 
optimistic to postulate: a growing rate of resource exploitation via 
conventional methods for the next few decades or so, accompanied toward 
the end of this century by a commercial mining of the ocean nodules; in 
the next century and after,, deeper drilling into the earth for important 
concentrates; and ultimately, technologies for extraction of minerals 
from seawater and from ordinary but higher-grade rock, where needed/ 

Such a flow of events is, of course, by no means certain. Nonetheless, 
all of it is more or less in the cards and only waiting to be revealed. 
The long-term outlook for minerals cannot be the limbo of resource 
exhaustion to which mankind has been condemned by neo-Mai thus i an groups. 
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Chapter 5 

FOOD: SUPPLYING DEMAND 

Because large sections of the world, especially in the developing 
areas, appear crowded and on the verge of famine, most observers seem to 
feel that the gap between food demand and food supply must inevitably 
grow. But we argue that, as a direct consequence of available resources 
and improving technology, a more reasonable projection would be in the 
direction of an eventual abundance of food. Although this conclusion 
can be strongly supported by the evolving potential for food production, 
it rests in part on the expectation that relatively sensible policies 
and priorities will characterize future food production in many of the 
most seriously affected nations--and even more important that there will 
be enough economic growth so that even poorer groups can afford an ade 
quate diet. We believe the potential is so great that even with moder 
ate levels of bad luck and poor management, the new conditions should 
be achieved in the not too distant future. 

During 197*1, the year of the World Food Conference, prospects for 
sufficient nutritional food for the world's people were viewed most 
pessimistically. Factors that had contributed to this grim view were 
the two years of extensive droughts (1972 and 1974) in many countries, 
including the United States, and published statistics revealing the 
lowest world grain reserves in decades, coupled with the highest prices 
ever. The worst forebodings of the neo-Malthusians seemed to be con- 
f i rmed . 

Mote: Most of the material in this chapter is based on the research 

and analysis of David P. Harmon, Jr., and Marylin Chou. 
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Our assessment of this experience, however, is that from a historical 
perspective two years of bad weather should not be perceived as anything 
more than temDorarv bad luck. There is no reason why weather fluctuations 
-ind other agricultural hazards, which generally are unpredictable, should 
ue interpreted as heralding a trend toward permanent scarcity. Indeed, 
our inq the sprina of 197S, as a bumper world harvest appeared in the 
if r i ng , the attention of most food-exporting countries shifted rabidly 
io problems associated with oversupply and falling prices. On the other 
hand , at the time of writino, it seems likely that the Soviet Union will 
have one of the worst shortfalls in history, which may put some pressure 
)n food prices. It should be noted, thouqh, that the Soviet shortfall 
Joes not imply any shortaqe of qrain for human consumption, but: mainlv 
or feed grain for its farm animals and cattle. 

The position we argue is that, except for the occasional regional 
oucruations caused by natural disaster, inappropriate policies or the 
misapplication of resources, the long-term prospect is for adequate food 
applies. By "adequate" we mean both an increasina amount of food per 
capita and an improving nutritional balance in the countries of the 
world currently deficient in either of these respects. Indeed, wihin 
XiO years we anticipate that-- if desired-- it will be possible to increase 
world food consumption to the level of the United States today (approxi- 
mately 2,000 pounds per cspiita of grain equivalents annually) . Our 
argument will be based upon what can be accomplished with conservative 
expectations for t echno 1 ooi ca 1 advance, coupled with reasonable manage- 
ment, but with no requirements for unusually good luck or especially 
fortunate technological breakthroughs, even though some such breakthroughs 
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now seem inevitable. However, we will also assume sufficient economic 
development (as discussed in Chapter 2) so that either the poor can 
pay for the food they need or it can be financed. 

The organization of food production in more advanced societies is 
currently based upon exceedingly complicated systems that are not easily 
achieved by poorer countries. These systems include: highly educated 
and trained farmers, land that has been developed over decades and main- 
tained for high productivity, the availability of large amounts of capital 
for farm machinery and equipment, sophisticated transportation and storage 
facilities, marketing organization, manufacturers, processors, agricul- 
tural schools, research and extension services, numerous and far-reaching 
communication networks, an adequate market to buy the food produced 
and a complex system for delivering and selling the food. The rate at 
which a similarly complex system can evolve in developing countries depends 
a good deal on the social, political and economic milieu. In some cultures 
we find the system has evolved fairly quickly, and in others its progress 
has been slow and difficult, rarely maintaining the population above 
the subsistence level and often letting it slide into shortages and 
famine. It is these anomalies in agricultural development that account 
to a considerable degree for the great disparities in food production 
and distribution. 

Additional confusion has been created by estimates made, with the 
best of intentions, by prestigious organizations anxious to dramatize 
the plight of the few by making it appear to be the curse of many. The 
Food and Agricultural Organization (FAO) has been a prime example. In 
1950 its director, Lord Boyd-Orr, claimed that two-thirds of the world's 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 


128 

people went to bed hungry. The noted economist Colin Ciark later showed 
hat Bovd-Orr's successors knew this statement was untrue. It had been 
based on a simple confusion compounded by inaccurate FAQ statistics; 
nonetheless they were loath to lose the impact its pronouncement had made. 
|ll; was this tendency to exaggerate the international food problem that 
provoked The Economist in 1952 to describe the FAO as "a permanent insti- 
tution devoted to proving that there is not enough food to go around.") 
the FAO later chanqed its point of view, in its 1969 publication The St at e 
of Food and Agriculture, and stated that the food problems of the future 
flight well be ones of surplus rather than shortage, the new optimism 
vi dent ly spurred by the initial results of the Green Revolution. But in 
19/0, in its Third World Food Survey, the FAO again sounded the alarm, 
laiminq that 60 percent ot the population of the developing areas (about 
40 percent of the global population) suffered from undernutrition, mal- 
nutrition or both. More recently, however, it has softened this state- 
ment oy estimating that only 10 percent of the world population has an 
insufficient prote i n-enerqy supply. Yet all of these shifts have occui 
red during a lengthy period in which the per capita food production of 
i he poorer countries nas remained approximately constant, perhaps increas- 
ing siightiy (that is, food production has at least maintained pace with 
the growing population/. 

The food production system in the United States today is somewhat 
analogous to a highly automated manufacturing firm. It is huge but 
requires relatively few people for its operation and maintenance. 

In his book Starvation or Plenty? (New York: Tciplinger Publishing 
Co., 1970). 

Introduction and rap i d spread of high-yielding varieties of wheal; and 
rice which took place in the non-communist developing countries in the mid- 
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(Between 1790 and 1971, farm employment declined from 90 to ^.6 percent 
of the total labor force.)* Although in principle the American system can 
be emulated by poorer countries, in practice we expect that, for several 
decades to come, food for most of the people in the world will come from 
relatively small farms operated by farmers and their families, comprising 
from perhaps 20 to 70 percent of regional populations. The task of organ- 
izing and training large masses of small landholders to become efficient 
producers undoubtedly is much more difficult than a similar task for small 
numbers of large landholders. This argument has little relation to 
whether a nation is socialistic, capitalistic or communal. It is, instead, 
a matter of the sheer numbers involved, their traditions, their education 
and the availability of capital and management resources. Moreover, it 
is obvious that a successful organization for efficient food production 
implies the need to transfer most of the population from small farming 
communities to industrial areas, a shift that will have profound social 
and economic implications. 

We can easily understand that the transition from an agricultural 
to an industrial society will require decades for the more adaptable 
developing countries, and possibly generations for the others. But sur- 
prisingly, perhaps, a strong urge to accomplish this transition is mani- 
fested today by most of the developing nations. They appear to have a 
sound instinct for the path to relative wealth, a willingness to struggle 
for it, and, in our view, an excellent chance to achieve it. 


U.S. Department of Agriculture, Economic Research Service, A_ 
Chronology of American Agriculture , 1970, revised 1971 (Washington, D.C.: 
U.S. Government Printing Office, 1971). 
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Future Directions in Food Production 

In makinq the case for the future of food production, we will discuss 
three distinct approaches. First, we will consider conventional food 
produced conventionally. Clearly, this may not be the major method of 
production in 2i76, and most likely whatever replaces it will be more 
efficient. Therefore, if we can make a reasonable case that: after 200 
years the world can produce an adequate amount of food for 15 billion 
people by using today's conventional methods, then clearly an actual 
solution can be expected to be much better in terms of costs, quantity 
ind quality. This is the sense of the a fortiori arguments that we have 
relied on so much in this book, seeking one conceptual solution to a 
major issue throuqh a simple, if suboptimal , approach. If this approach 
can at least be made plausible, then the more likely, actual solution 
>hou i d obviously bring better results. 

in the second approach, producing conventional food unconventionally, 
a number of processes are now in existence, new ones are under develop- 
ment, and undoubtedly others are still to appear. In addition, improve- 
ments in productivity can be expected to come from the constant techno- 
logical efforts that attend such processes. We wi il stress, as an illus- 
trative and hopeful example, the potential of a recent development known 
as the "nutrient film technique" (NFT) , for growing plants without soil 
under either partially or fully controlled conditions. 

The third approach we will discuss is that of unconventional foods 
produced unconventionally, a very promising avenue through which it 
appears likely that palatable nutritious foods can be mass-produced in 
more or less automated factories. With advanced technology, food would 
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be extracted from almost any organic matter, including wood, leaves, 
cellulose, petroleum and even urban and agricultural wastes. In retro- 
spect, from the vantage point of the American Quadricentenn ial , this 
approach may well appear to have been the easiest way to provide basic 
food requirements. Even today the required technologies appear to be 
well within our grasp. The cost of the food produced this way is expected 
to be substantially less than from conventional agriculture, and the pro- 
duction potential appears essentially unlimited by anything except demand. 

Finally, one of the major themes of this chapter is that although 
instances of famine and malnutrition may continue for the same reasons 
as in the past--poor weather, societal traditions that are difficult to 
change, or political choices which are counterproducti ve--the prospect 
for an abundant supply of food for future generations is not in any rea- 
sonable sense limited by existing physical resources. The world is 
likely to be much better fed a hundred years from now than it is today; 
after 200 years current American standards, or even better, could very 
well be the norm. Furthermore, it will become increasingly difficult 
for bad luck and/or poor management to hold back progress. 

The task ahead looks difficult, but it may seem less so looking 
back from the year 2176. From that vantage point, 20th-century concerns 
about food may appear merely as a temporary detour of imagined and real 
troubles on the road to success--troubl es that were largely self-imposed. 
The motivation now exists for increasing per capita food production and 
providing security against severe annual fluctuations in output. The 
resources, the technology and the capital all appear to be adequate now 
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and improving steadily. The outcome wi I 1 be a reflection of mankind's 
wisdom in choosinq sound policies in various sociopolitical arenas; but it 
is going to be increasingly difficult to choose disastrous ones. 

Nut r i tj ona 1 _Requ i remen ts 

Nutritional requirements are known to vary according to climate, 
age, sex, body weight and physical activity. But even when these factors 
are taken into account, there are still significant differences in the 
various estimates of minimum calorie and protein needs. For example, the 
FA0 has estimated 1,900 calories per day for a South Asian engaged in 
minimal activity. Colin Clark, on the other hand, estimates 1,625 
calories per day for similar c i rcums tanees-- that is, for small-bodied 
persons worsting four hours per day in a hot climate. For a larger-bodied 
person in a cooler climate (for example. North China) working throughout 
the agricultural year, Clark's minimum requirement is slightly greater 
than 2,000 calories per day.' 

Minimum protein requirements are known to be affected by caloric 
intake as well as the quality (fractions of various amino acids) of the 
protein. When the caloric intake is insufficient, the human body evi- 
dently diverts some of the protein to meet the energy deficit. Conse- 
quently, the protein deficiencies of the poorest regions; of the world 
have been judged to occur largely as a result of insufficient calories. 

United Nations World Food Conference, Assess ment of t he World Food 
Situation Present and Future, Rome, 5“ 1 6 November 1 97 A , p. 66. 

! S tarvation or P l e n ty '/ , p . 17. 

Mi chael Latham, "Nutrition and Infection in National Development," 
Science, May 9, 1975. 
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This in turn causes various deficiency diseases and creates a greater 
susceptibility to infection. 

To obtain sufficient protein from nonmeat sources it is necessary to 
consume from at least two different vegetable sources (for example, rice and 
beans) at each meal in amounts that will supply at least the minimum requ i red 
caloric intake. Since not all the components of proteins satisfy nutri- 
tional requirements equally, the FA0 suggests that protein adequacy in 
a vegetable diet requires an intake of between 52 and 68 grams daily to 
obtain from 29 to 37 grams of usable protein. The most balanced proteins 
for human consumption are available from meat, fish and dairy products; 
the range of usable protein from a vegetable diet varies from 5^ to 75 
percent, compared to 69 to 95 percent for protein from animal products. 
Clark's figure for protein is 0.5 gram per kilogram of body weight, or 
about 25 grams per day for the average adult African or South Asian. 

Thus his estimate suggests that between one-half and two-thirds kilogram 
per day per person of grain containing 8 to 13 percent protein is required 
in Africa and South Asia to meet the minimum needs for both calories 
and proteins. Using an average of 2,200 calories per day per person, we 
calculate that 15 bi 1 1 ion people would require 14.8 billion metric tons 
per yea r**to obtain all of their calories and proteins directly from 
grains. This would be about three and a half times the current world 
grain production. 

No single vegetable provides protein with all the amino acids in 
the proper proportions for human needs. Two (or more) vegetables can, 
if selected properly. 

’'Unmilled weight; normal loss in milling is 10 percent for wheat, 28 
percent for rice; we have assumed 20 percent average milling loss. 
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Increas ing Jood Production: Myths and Rea li ties 

Can all of the world's growing population be fed at least at a sub- 
sistence level? Can it be fed better? Various answers have been given 
to these frequently askea questions. The simple argument: often presented 
is that hunger grows exponentially while agricultural resources are 
Finite and possibly at or near their ultimate limit now. We assert that 
this argumtint overlooks or ignores the startling (and exponential) pro- 
gress in agriculture in the last 100 years that has made agriculture such 
i dynamic and impressive system in the developed world. The principal 
engines of this progress have been increasing affluence and advancing 
technology. In conventional agriculture, these engines can be used to: 

(a) increase and improve acreage under cultivation, (b) increase yields 
by better inputs and multiple cropping, (c) increase efficiency of dis- 
tribution systems and (d) decrease pollution by improved processes and 
better management. 

Will they be sufficient? Let us now examine some of the opposing 
neo-Mai thus i an arguments to see whether reasonable rebuttals may be found. 

1 . Pid£u la t i on G row th and Ri sing Af fluence 

The neo-Mai thus i an position usually begins with the argument that 
the primary sources of increasing demand for food are population growth 
and rising affluence, and that therefore food scarcity will be a recur- 
ring problem in the future. However, as we have already pointed out, 
rising affluence appears today to be a causal factor in slowing popula- 
tion growth and hence is now an ally with, not an enemy to, tne cause 
of such restraint. Second, rising affluence appears to be precisely 
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what is needed to help the world's population avoid malnutrition and 
famine, for It can provide the education, research, markets and capital 
for the production of more food of better quality. Thus, as the popula- 
tion growth rate slows down in the developing nations, as even now it 
appears to be doing, we might expect a gradual increase in food produc- 
tion per capita, an important component of any reasonable definition of 
the road away from poverty. 

It has been argued that Americans should eat less meat and stop 
fertilizing their lawns and golf courses to make more food and fertilizers 
available to the poorer countries of the world; but, however noble the 
intentions, these policies are unlikely to have any measurable impact, 
much less any long-run significance. Except for short-term fluctuations 
caused by weather and other temporary economic factors, there is no short- 
age of food or fertilizers; either can be bought if the funds are avai 1- 
able. Furthermore, resorting to such sacrifices in the U.S. does not put 
food into the mouths of the hungry. Supply and demand still seems to 
be the basic economic determinant for the flow of agricultural commodi- 
ties in the world market system. Indeed, it can be argued that the huge 
grain surpluses that helped tide the world over the 1972-7^ shortages 
were made possible only because the United States and other exporting 
nations, as meat-eating countries, had acquired large food stocks and had 
developed a huge grain-producing system (including reserves of cropland) 
to satisfy the associated demand for grains and to cushion against any 
lean years. Without that development, the period from 1955 to 1975 might 
have had some quite different characteristics--namely , much less grain 
production, much smaller inventories from which to meet international 
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emerqency needs, smaller investments in agricultural research, and delayed 
development of cheaper fertilizers because of lower demands. (Technical 
advances reduced the cost of nitrogen fertilizer by 50 percent during the 
i960 's) 

Although prices fluctuated between 1929 and 1972, overall a downward 
trend occurred in real prices for grain, undoubtedly as a result of the 

greater production and productivity. The technology that had to be devel- 

oped at great expense to make this productivity possible is now available, 
essentially free, to all of the less-developed countries; thus the path 
at least to developing tneir own inputs adapted to local conditions is 
clearly marked. About the only thing that self-restraint in the consump- 
tion of meat and fertilizer would do is to add to the propaganda that the 
rich are taking away from the pool — a position which we argue is in almost 

every way except, perhaps, in certain crisis situations contrary to the 

facts and counterproductive. 

?. Cropland and Wa te r 

Pessimists also argue that additional fertile cropland and water 
sources are increasingly cifficult to come by, that the "best land" is 
already under cu 1 t i va t i on-- i gnor i ng the fact that most land had to be 
developed For it to be considered "best land." As Theodore Schultz has 
obse rved : 

...only about one-tenth of the land area of the earth is cropland. 

If it were still in raw land in its natural state, it would be 
vastly less productive than it is today. With incentives to 
improve this land, the capacity of the land would be increased 
in most parts of the world much more than it has been to date. 

In this important sense cropland is not the critical limiting 
factor in expanding food production.... 
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Harsh, raw land is what farmers since time immemorial have started 
with; what matters most over time, however, are the investments that 
are made to enhance the productivity of cropland.* 

The claims of water scarcity ignore the many ways of obtaining agri- 
cultural-quality water such as digging new wells, "harvesting" rainfall, 
utilizing rivers better, recycling waste water and desalinating seawater. 
The Ganges River basin, covering parts of four countrl es-- I ndi a , Nepal, 
China and Bangladesh--offers a striking example of an abundant and largely 
untapped water source. Within India it ranges over 800,000 square kilo- 
meters containing a population of about 225 million. Some of the current 
problems of effective land use and water development in the Ganges Plain 
arise from the highly seasonal flow of the river and its tributaries. 

The key to a successful water development project in this region is 
the storage and beneficial use of a major part of the monsoon flows which 
now run to the sea. It has been estimated if this potential were developed 
and some modern agricultural technology utilized, the irrigated areas of 
the Ganges Plain could produce more than 150 million metric tons of grain, 
enough to provide a minimum satisfactory diet for 600 million people, the 
entire population of India. According to this calculation, the value of 

•j* 

the potential cereal crops would be about $500 per hectare, 10 times the 
annual costs of the irrigation. Finally, as discussed later, there 

A 

Quoted in D. Gale Johnson, World Food Problems and Prospects , 

Foreign Affairs Study 20, (Washington D.C.: American Enterprise institute 
for Public Policy Research, 1975), p* **6 

+ 0ne hectare equals 2.471 acres. 

Roger Revel le and V. Lakshminarayana, "The Ganges Water Machine," 
Science, May 9, 1975- 
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•ire many techniques in development for utilizinq water more efficiently. 

5. Increased Costs of Agricultural Inputs and Increased Yields 

It is frequently said that the intensification of aqricultural pro- 
duction will iead to hiqher costs of food production because of risina 
costs of aqricultural inouts. It will be increasinqly difficult, accord- 
ing to this view, to obtain hiqher crop y i e 1 ds--es pec i a 1 lly in developed 
ountries where the land is already heavily fertilized. One response is 
to emphasize the fact that production of agr icu 1 tura 1 inputs is also a 
dynamic process. Fertilizer, perhaps the most essential input for increas- 
ing yields, is an excellent example. 

First, although the price of energy strongly affects the cost of 
fertilizer, there are other important components such as technological 
advances over time, economies of scale and utilization factors. Some of 
these are displayed in Table 16, which shows that with 1974 technology 


Table 1 4 

PRICES FOR UREA 

(Expressed in 1974 ll.S. Dollars; MCE = Thousand Cubic Feet) 



TECHNOLOGY/PLANT SIZE 

1 

1 

i UTILIZATION 

j (DESIGN CAPACITY OF .667 TOMS/DAY) 


I960 

i 333 IONS/ DAY 

1974 

t 1667 TONS/DAY 

I 60% OF 1 

! CAPACITY i 

i i 

90% OF 
CAPACITY 

(PRICE OF: 

\ NATURAL GAS 

FREE 

$1/MCF 

! $1 /MCF j 

$1 /MCF 

i UREA 

M 

1 

$ 164/TON 

$11 6/T0N 

| $ 155/TON 

j 

S’ CO /TON 

source: D. 

Gale Johnson, 

World Food Problems and Prospects. 


!>• 

4/, Notes 12 

and 14. 
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and economies of scale, and even with the price of natural gas at $1 per 

j, 

thousand cubic feet, the gate price" of urea (a principal nitrogenous 
fertilizer) is considerably cheaper than from older, smaller plants even 
if the gas was free. In addition, in some developing countries where 
fertilizer plants often operate at 60 percent or less of design capacity, 
an increase to nearly 90 percent, which is regularly achieved in developed 
countries, could lower their costs considerably. 

Second, with increased fertilizer, the productivity of the other 
inputs (water, insecticides, etc.) can also be increased, contributing 
further to lower unit costs. 

Third, productivity can also improve over time as farmers learn to 
use fertilizers more effectively. In addition, the use of seeds better 
adapted to fertilized land and the determination of optimum plant density 
also serve to improve yields . 

Fourth, the neo-Mai thus i an argument glosses over the important matter 
of unequal responses of soils to specific measures. For example, the 
estimated incremental yield from the addition of one ton of nitrogen to 
India's depleted soil would be about 10 to 12 tons of wheat or rice, much 
greater than that of soils already improved. 

Finally, it wouldn't matter if the argument were correct in the 
long run if the per capita income increased faster than the cost of food. 

“Price of fertilizer as it leaves the factory. 

^Adapted from D. Gale Johnson, World Food Problems and Prospects 
(Washington, D.C.: American Enterprise Institute for Public Policy 
Research, 1975) pp. 46-47. 
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in that case people could afford to pay more for their food (which they 
will do anyway to improve its taste and social desirability ). 

j . Clijnate and Ecological Stress 

Fears are often expressed about potential cl imatic changes because the 
world currently lacks the buffer of large international grain reserves. It 
is true that the results of speculation about long-term changes in the 
weather are complex arid uncertain, involving cyclical versus random theories 
of weather patterns. If weather is randomly variable, then in any given 
year some areas will naturally have more favorable weather than others. 

If weather also follows a cyclical pattern, and in particular if it is 
now in a coolinq trend, as some observers believe, it appears that the 
impact on crops will be mixed. For example, corn and soybeans at lower- 
latitudes would be hurt by a shorter growing season; in Asian rice- 
growing areas, a major disaster would be caused if the monsoon failed. 

But if it turns out that the world is entering a long-term cooling 
period, but only very gradually, agricultural technology offers many 
alternatives that could be phased in, such as control led-envi ronment 
agriculture, more widely adaptive varieties and synthetic foods. But 
this, of course, adds to our argument that the sooner LDCs achieve a high 
level of affluence and technological sophistication the better, since it is 
exactly these resources and capabilities which would enable them to deal 

Just as what is considered "proper clothes" has little to do with 
the minimum required for modesty and to protect one from weather cond 
tions, so v/hat is considered a "proper diet" that is, socially accept- 
able and desl rab le— has little to do with nutrition and much more to do 
with social standards, style, and personal taste. 
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with such negative developments. Poor and technologically unsophisticated 
people have no such capability. 

The claim that severe ecological stress is caused by intensive agri- 
cultural activity is associated with much confusion that needs research 
and clarification. The main questions apparently are related to whether 
the runoff after application of chemical fertilizers and pesticides 
causes significant water contamination, what the short- and long-term 
effects of this might be, and what countermeasures are available. A 
study of the water quality in Midwest streams suggests that fertilizers 
have not been shown to be the cause of eutrophication of bodies of water 
and finds no evidence that the heavy application of fertilizers endangers 
human health. The Federal Water Pollution Control Administration, which 
has kept an annual census of fish kills since June I960, has reported 
that of the number of fish reported killed, only 2.5 percent were attrib- 
uted to the use of pesticides. 

Criticisms of past abuses in the application of chemicals to control pests 
have already shifted research and development programs toward more environment- 
ally acceptable insecticides, herbicides, fungicides and rodent ic i des . The 
best strategy claimed for controlling most pests is "integrated pest control," 
which has as its goal the maintenance of potential pest populations below 
the level at which they cause serious health hazards or economic damage. 

“George H. Enfield, "Water Quality in Midwest Streams," paper presented 
at the Midwest Fertilizer Conference, Chicago, February 17, 1970. 

^Committee on Agricultural Production Efficiency, National Research 
Council, Agricultural Production Efficiency (Washington, D.C.: National 
Academy of Sciences , 1975), p. 168. 
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This strategy involves the coordinated use and management of many tech- 
nologies, including preventive measures, resistant varieties, pesticides, 
biological agents, proper cultural practices, crop rotation, sanitation 
and specialized chemicals such as attractants and growth regulators. 

It has been estimated that annual losses caused by pests could be redueed- 
aerhaps by 30 to 50 percent--by making better use of technologies now 
available. Eventually, this could mean an increase of 10 tc 15 percent 
in the world food supply without bringing any new land into production. 
Still, integrated control is a complex high-technology approach which will 
equire much time and effort to achieve large-scale worldwide use. During 
the period of transition to better controls, it does not appear likely 
that the world faces an extreme threat from the use of current pesticides. 

! j. Government Priorities 

It is often argued that misplaced government priorities in the less- 
developed countries have emphasized industrialization rather than focus- 
ing on the agricultural sector as the initial engine of growth. This 
argument, especially as to misplaced priorities, seems to us to have a 
fair degree of validity for some of the developing nations. For example, 
Lhe Indian government, after initial success with the Green Revolution, 
switched its emphasis from agriculture to industry and became excessively 
vulnerable to the 1972-74 food crisis. In this connection, we should 
note that with few exceptions the developed countries industrialized only 
after a secure agricultural base had been established. 

Agricultural self-sufficiency is obviously important to economic 
health and growth. It reduces the danger of malnutrition and averts 
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severe strains on foreign exchange. A nation with stockpiled reserves 
or excess food production capacity is less vulnerable to natural disasters 
and their economic consequences. Still, most developed countries have 
for some years been net importers of food and have managed quite well. 

It is the less-developed countries which need to assure their food pro- 
duction. The recent food crisis might have helped in reorienting govern- 
ment programs in these countries to more appropriate policies. Although 
the World Food Conference did not result in any spectacular new institu- 
tional arrangements or intergovernmental programs, it did serve to publi- 
cize two important issues related to food production: reserves and self- 
sufficiency. 

6 . Long-Run Scarcity and Triage 

The final and most frightening claim of some neo-Mai thus i ans is that 
the world is entering so severe a period of international scarcity of 
major agricultural goods that mankind may have to come to grips with the 
dec i s ion of who shall eat and who shall not (the "triage" dec i s ion) , a 
decision presumably to be made by the major grain-exporting nations. 

This view assumes that world food production soon will reach an inadequate 


Triage refers to a World War I system for sorting the wounded into 
three survival categories: 

(1) Those who would survive without help; 

(2) those who would probably die anyway; and 

(3) those to whom medical help would make the difference 
between survival and death. 

The limited medical resources were then concentrated on the third category. 

A triage concept in food aid evidently visualizes writing off the "hopelessly" 
needy nations. While we agree that the emphasis has to be on self-help, and 
that therefore only occasionally does need exist for "hard decisions," we deny 
any necessity to make decisions that are really comparable to the triage system. 
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limiting level which cannot be overcome. Even though food aid has decreased 
over the past ten years, the available evidence clearly suggests that it 
is highly unlikely that the United States or any of the other grain- 
ixporting countries would consciously accept mass starvation in any 
nation without qivinq some ass i s tance--a Imos t certainly when "food 
surpluses" are ava i i ab 1 e--probab ly at the cost of some bel t- t i ghten i ng 
if necessary. The question then is: will serious bel t-tightening ever 
oe necessary? 

The major counterargument to the triage concept is that even in the 
short run, but especially in the long run, agriculture's inherent flexi- 
bility and dynamism, together with the expected gradual approach toward 
population stability, will effectively defuse the threat of an inevitable 
long-term global food scarcity. This is not to say that nations or govern- 
ments cannot contribute to calamities through mismanagement, callousness 
or lack of fores iqht, or that there cannot be bad luck, but it is to 
deny, emphatically, that the problems are beyond solution. Indeed, it 
Is the major purpose of this chapter to make the opposite case: that, 
given reasonable attention, food problems should ease rather than grow 
with time. 

Scenarios for the Next 200 Years 

In ascendinq order of sophistication, the following are several tech- 
nological avenues to a future of abundant food production: 

1. The increased use of relatively conventional techniques employing 
current technology v/ith modest future improvement. 

2. The application to conventional agriculture of newer technologies 
that are now under development but may require a decade or two 

to be phased into mass production. 
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3. The use of successful unconventional technologies which are 
promising today but require further development and testing. 

4. The widespread adaptation of dietary tastes and habits to 
inexpensive food produced by high-technology factories in 
the long term. 

A practical fifth approach would combine the above four by using 
relatively conventional techniques in the near term and high technology 
or "exotic" methods over the longer term, with some changing of tastes 
being phased in gradually as they are required or desired. This fifth 
case provides a broad basis for a reasonably optimistic scenario in which 
the long-term increases in food production and/or adaptations of tastes 
are more likely to be evolutionary than revolutionary. 

In attempting to estimate the production increases that the world 
might expect from relatively conventional agriculture as well as from 
more "exotic" technologies, our major purpose is to provide a perspective 
for the future in which food demand can be effectively--perhaps even 
abundant ly--met . 

1 . Conventional Agriculture 

a. Expanding Tillable Acreage 

Of the world's 1.1 to 1.4 billion hectares of arable land, farmers today 
harvest over 700 million hectares of grain. The balance is in pasturage 
and other uses. Excluding Greenland and Antarctica, the world has 13*15 
billion hectares of land, of which the FA0 estimates 3*19 billion to be 
potentially arable. Thus the potential farm acreage is over four 
times that now being harvested. Table 17 depicts a few of the principal 
sources of additional land and the major requirements to make them 
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Fob I e 15 

SOME SOURCES OF NEW AGRIC ULTU RAL LAND 
AMOUNT 

REGION (HECTARES) REQUIREMENTS 

Larin America-- 

Principally Brazil 450 million Advances in tropical soil research-- 

especially the alleviation of the 
leaching of nutrients by heavy tropi- 
cal rains-- in order to improve the 
existing low soi 1 fertility. 

Low-cost watei — probably from de- 
salination of seawater. This arid 
area has the advantage of constant, 
ideal growing temperatures ( 68° — 7'3° F . ) , 
day and night, year round. 

United States 100 million Anticipation of sufficiently high 

prices to justify the investment 
requ i red . 

200 million hectares: eradication 
of the tsetse fly; estimated to 
cost a total of $20 billion over 
20 years. 

300 million hectares: irrigation. 

An additional 200 million hectares 
now exist in sparsely populated 
regions . 

productive. The average cost of opening new land in previously unsettled 
areas has been variously estimated from $218 per hectare to $1,150 per 
hectare. + Whatever figure is chosen, it seems clear that such costs should 


Paul Ehrlich, et aj . „ Human Eco logy , Proble ms and Solutions, (Sari 
Francisco: W. H. Freeman and Company, 1973) P- 90. 

'Done! la H. Meadows, et al . , The Limits to Gro wth: A^Report tor the 
Club of Rome's Pr oject: on the "Fred i cament of Mankind (New York: Universe 
Books , 1972T, p. 48. 


Sub-Saharan Africa 500- 

700 million 


Principally the 50 million 

Peruvian and 
Chilean seacoasts 
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be no great deterrent In a world of growing affluence, even if they should 

run as high as $2,000 per hectare within some of the regions listed in Table 17- 

b. Multiple Cropping 

The equivalent of additional land area can be gained wherever there 
are opportunities to grow more than one crop per year. The developing 
countries generally have better opportunities for "rnul t i croppi ng" since 
most are located in tropical and semi tropical areas with longer growing 
seasons. With multicropping the total 3-19 billion hectares of potentially 
arable land could be made equivalent to approximately 6.6 billion hectares, 
almost 10 times that harvested today, though approximately three-quarters 

of this additional potential would require some irrigation for multi- 

A 

cropping to be feasible. 

c . Yield 

Increased yields per unit of land farmed probably offer the quickest 

opportunity for increased food production via conventional agriculture, 

and a major key is the adoption of high-yielding varieties (HYVs) of grain. 

The potential of HYVs has many facets: 

An improved response to fertilizer. 

Additional possibilities for mul ticropping 

Opportunities to increase the protein quantity and quality 
per pound of grain. 

Alleviation of the threat of disease generally attendant in 
wide-scale monoculture by crossing many varieties of the same 
grain to build in a broad spectrum of genetic resistance. 

*The World Food Problem: A Report of the President's Science Co mmittee, 
Vol. ||, Report of the Panel on the World Food Supply (Washington, D.C. : 

U.S. Government Printing Office, 1967), P- 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/06 : CIA-RDP79M00467A0002001 5001 9-4 




More productive varieties over the full ranqe of growing 
conditions, varying from no fertilizer and very limited 
water to ideal conditions. 

Innovations such as triticale, a cross between wheat and 
rye combining the high-yield potential of wheat with the 
inherent disease resistance and hardiness of rye. 


he ionqer-term outlook for HYVs is very favorable for the developing 
world; but for near-term benefits, government assistance is needed to 
narsnal the resources and carry out the policies to enable farmers to 
exploit the HYV potential effectively. The great range of wheat and corn 
yields among various nations indicates the real possibilities for near-term 
i mprovement . 

■he potential for expanding the use of HYVs is made clearer when it 
■s understood that: 

!. The use of HYVs has been heavily concentrated in relatively few 

countries and even there in many cases only on the better- i rri gated 
land in selected reqions. 

2 . Most farmers using HYVs have failed to adopt the entire recommended 
package of inputs, such as adequate fertilizers, water, insect and 
an d disease controls. For example, at the end of the period of 
initial widespread introduction of HYVs (1966-70), only 12 percent 
of the Indian HYV farmers were fully following recommendations; 
yet the use of HYVs was responsible for approximately 60 

percent of the overall increase in wheat production and 75 percent 
of the increase in rice production in the decade between 1960-6? 
and 1970-73.* 

3 . The vigorous response of HYVs to fertilizers determined in test 
plots, when compared to the relatively low use of fertilizers 
on HYVs by farmers, suggests that the potential yield is much 
higher than has been achieved (especially in the depleted soils 
of many 1 ess-deve looed countries). 


Joseph W. Willett of the Economic Research Service, U.S. Department 
of Agriculture, "The Ability of the Developing Countries to Meet Their 
Own Agricultural Needs in the 1980s," a speech given at the Canadian 
Agricultural Economic Society, Quebec, August 6, 197**. 
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4. With the projected increase in fertilizer production capacity 
over the next five years, adequate supplies should be available 
by 1980 to meet most of the world demand. 


How much do all these potential conventional changes portend for food 
production over the long term? The following are some rough estimates: 


CONSERVATIVE OPTIMISTIC 

Increased agricultural 

land harvested factor of 2.5 4 


Mul ticropping factor of 1.5 2 

Average yield per crop: 

Improved use of 

fertilizer factor of 1.5 2 

irrigation factor of 1.5 2 

HYVs factor of 2 2.5 

Other inputs factor of 1.2 1.4 


Multiplicative Totals factor of 20 110 


These potential increases in production include the possibility 
of opening new tropical lands which lend themselves to both mul ti croppi ng 
and the entire input package of high-yielding varieties. (Our later 
estimate that grain requirements will increase by a factor of 11 over 
200 years should be well within our conservative estimate of an increase 
in production by a factor of 20 from purely conventional means.) 


2 . Unconventional or Currently "Exotic" Agriculture 
In following the second and third technological avenues, progress 
in some unconventional techniques continues and is assumed to be reason- 
ably--but not outstandingly--successful . It is clear that a technological 
advance does not necessarily have to be exotic to be dramatic. For example, 
the nutrient film technique (see Figure 8), a rather novel and simple 
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Source- A J Cooper, "Soil? Who Needs I t? Amer i can Vegetable Grower, August 197^, P- '8. 
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variation of hydroponics, is rapidly coming into use today. This tech- 
nique of growing crops was conceived in the 1960's at the Glasshouse Crops 
Research Institute in England and is in practice in some 20 countries today, 
primarily for high cash-value vegetables and flowers. The NFT method 
has the following characteristics: 


a. Capital and operating costs are low; only a waterproof material, 
such as polyethylene, is required for gulleys. The system does 
not require extensive, rigid, water-tight tanks or expensive root- 
support media, as do other kinds of hydroponics. 

b. Water: 

- Recirculation and the configuration of the gulleys eliminates 
loss from drainage and evaporation. 

- Storage requirements are minimal since plants thrive in a thin 
film of nutrient solution (a one-millimeter film has been found 
to be sufficient). 

c . Fert i 1 i zer : 

- No nutrients are lost through runoff. 

- A low concentration of fertilizer may be used in the solution; 
yet a wider range of nutrient concentration is tolerable than 
when a solid rooting medium is used. 

- Mistakes made in composition of the nutrient solution can be 
rapidly rectified via quick adjustment (or replacement) of 
the solution. 

d. Soil-borne diseases: 

- Continuous sterilization of the liquid in its flow pipe can 

be used to overcome root disease problems. ^ 

- Systemic fungicides and insecticides at nonphytotoxic concen- 
trations can be used. 

- Increased resistance to virus diseases has been experienced, 
possibly because the root system is not subject to the abrasions 
encountered with soil culture. 

e. The use of triangular gulleys, acting as a watershed, avoids the 
leaching effect from rainfall and permits outdoor farming. Rocky 
or saline soils pose no special problems. 


“We place a strong emphasis on NFT here not because we believe it will 
provide the solution we are seeking, but because it is one of the newer 
variations of hydroponics that might be developed into part of a solution. 
Also, we believe the use of a specific illustration for the a fortiori 
argument will make the point more vividly, 
f 

Nonphytotoxic means non-poi sonous to plants. 
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f. Elimination of drvinq-out cycles increases average growth 

rates . 

g. Temperature control of the nutrient solution enables onger 
growth periods in both colder and warmer climates. 

h. The shallow stream of nutrient solution in the plastic gulley 
allows a sinqle thick, continuous root mat to form, providing 
a very staple support for plants. 

As with most new techniques, there are still some uncertainties: 
in some instances, root death has occurred, lowering yields; however, 
precautions taken in early 1975 to prevent root death are claimed to have 
been successful so far. Little is known about the need for sterilizing 
the nutrient film, althouqh if necessary this can be done easily at small 
ost. There is only limited experience with its use, and most of this 
has been for certain hiah-cash crops. Its applicability to the principal 
grains appears feasible but has yet to be demonstrated. Still, if one 
looks at NFT from the standpoint of a developing country's small farmer, 
the potential benefits (as seen in the listing of its characteristics) 
are dramatic, particularly in view of greater availability of credit due 
to shorter time between crops. 

NFT is far from its full development, but the process is spreading 
rapidly. Its successful application to the cultivation of outdoor grass 
for qrazing or turf lends hope to the possibility of its use for growing 
rice and wheat at: competitive costs. Capital requirements may be lowered 
if a cheaper alternative to polyethylene, such as a cellulose or a 
silicone-based material, is developed for the gulleys. Experiments are 
now being planned to grow cereal grains in shallow, wide, rigid gulleys 
on a layer of absorbent material saturated with nutrient solution anc 
able to hold seeds in place. 
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We suggest, but only as an a fortiori argument, that the world could 
produce all of its cereal grain needs by some form of hydroponics or other 
soilless controlled growth" by the year 2176. We chose this alternative 
for a variety of reasons: 

a. Agricultural technology to date shows that nature's way of growing 
has tended to be increasingly modified: the use of special seeds, 
chemical fertilizers, pesticides, herbicides and irrigation; the 
alteration of food genetically to suit needs; and a whole host of 
methods and techniques for planting, cultivating and harvesting 
which deviate from nature's pattern. It is to be expected that 
this modification can be continued much further. 

b. The input and loss factors can be much lower in hydroponics than 
in conventional agriculture. Potentially, it is a nonpolluting, 
high-productivity, control led-envi ronment agricul tural system. 

c. Hydroponics can use relatively inexpensive arid land or desert 
areas where the large amount of sunshine is beneficial for 
plant growth and makes possible several crops per year. 

d. Although the standard hydroponics approach to date has been high 
in capital cos ts--anywhere from $20,000 to $80,000 per acre, 
depending on the complexity of the instal 1 at ion+--we expect that 
technological advances, economies of scale, conservation of water 
and nutrients, the sheer size of world income, and al ternate uses 
for land can make wide-scale hydroponics feasible and competitive 
during the next century, especially because of its potential for 
obtaining four or more crops per year. 


Since the world, with an average GNP per capita of $1,300, currently 
produces grain at a normal price of about $100 per ton, a world 200 years 
from now with a projected GNP per capita of $20,000 could undoubtedly 


Conventional hydroponics requires the use of a solid rooting medium 
which introduces high capital-cost components. True hydroponics entails 
the growing of food without any solid rooting medium. The NFT development 
greatly enhances the possibility of relatively low capi tal -cost , soilless 
food production. 

+ These estimates are based upon recent Israeli experiences. It is 
possible, of course, to make much greater investments. 
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afford qrain at even $500 a ton, five times the normal price and our 
highest estimate for the cost of producing grain by large-scale hydroponic 
techniques after 100 years or more of research and development. We expect, 
of course, that actual production costs would be much 1 ess--probabl y even 
! ess than today's $100 per ton. Assuming present U.S. consumption rates, 
arid with three grain crops annually, each yielding 12 metric tons per 
hectare, 15 billion people in 217b would require crops covering about 2 
mil ion square miles. Actually, we would expect a hydroponics-type opera- 
tion by then to better current field records (wheat approximately 13 metric 
ions per hectare; corn about 19 metric tons per hectare for a single crop). 
Six relatively unused areas--the Sahara Desert, the Amazon basin, the 
hobi Desert, Saudi Arabia, Australia and the seacoasts of Chile and Peru-- 
offer some 7-5 million square miles of excellent opportunities for large- 
scale control led-qrowth operations where maximum sunshine is available. 

Ihese lands a lone , a 1 though not suitable today for conventional agricul- 
ure, potentially could produce more than three times the food requirements 
estimated above for the world in 217&- There remain, of course, problems 
of political feasibility and reliability. 

To sum up, hydroponic techniques have been shown capable of growing 
crops with less water, fertilizer and other inputs than needed in conven- 
tional agriculture, and of growing them unblemished and free: of disease 
or insect attacks. We believe it is plausible to assert that after 200 years 
of experience improving these techniques, it will be possible to grow grains 
at today's yields per acre at costs not more than five times today's (,in 
constant 1975 dollars). To buttress this cost argument still further, we 
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note that in 1 967 a prestigious summer study team at the Oak Ridge National 
Laboratories concluded that wheat could be grown by conventional methods in 
an optimally designed nuclear-powered industrial complex for somewhere between 
$40 and $100 per ton. None of this required any new breakthroughs in tech- 
nology, and 100 percent of the water was to be furnished by a nucl ear -powered 
desalting process. Even if these estimates were optimistic by a factor of 
two or three, they still would provide another a fortiori argument for 
the feasibility of feeding very large world populations. 

Clearly, with the economic growth projected in Chapter 2, almost every- 
body in 2176 would be able to afford to pay five times the current grain prices. 
In this example affluence alone creates a context in which really new solu- 
tions are made available. Actually, we expect the price of food in real 
terms to go down, not up. But we hedge this expectation by emphasizing 
that affluent people can afford expensive solutions, and that expensive 
solutions will be available if for some reason our optimism turns out not 
to have been justified. 

Thus it is possible to argue that the world's principal food require- 
ments can be produced by unconventional means at tolerable costs on land 
nearly worthless now. Even more importantly, we can assert that in reality 
the world is likely to find a much better solution, one that we cannot com- 
prehend in the present context. However, because it is relevant to our 
topic, we will speculate on a few of the exotic future possibilities cur- 
rently being discussed. 

3 . High-Technology Possibilities for the Future 

A new approach that might be technologically feasible for supplying 
food within a decade or two is the production of single-cell protein 
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(SCP) , This hiqh-protein food can be grown in a petroleum-based medium 
r by the conversion or cellulose from trash, paper, wood or agricul- 
iurai wastes to glucose. which in turn can be transformed by 
Micron ia I act ion to SCP. It appears to be commercially possible to 
> reduce SCP suitable for animal feed on a larqe scale by this process by 
i he si id- 1980 1 s . Shortly thereafter, an improved product, suitable for 
f-imari consumption, is expected to be practical. 

Within a decade there are likely to be 10 to 15 SCP plants throughout 
i he world, half in Europe and each with a capacity of about 100,000 tons 
s year. it has been estimated that the cost of production of SCP from 
itumcipai waste would be less than half the cost of the soybean meal now 
; i ;le 1 v used; thus an early potential of SCP is its use as a low-cost 
.implement to eradicate protein deficiencies from human diets. It 
houid be noted that the above techniques eliminate almost all problems 
»f land use, climate, pollution and farm runoff. 

ile.net i c innovations aiso hold promise. For the medium term, the produc- 
tion of grains with a better balance of amino acids appears nearly certain 
lie cause of; (a) the breeding of new varieties, (b) the fortification of grain 
grown from traditional varieties, and (c) the potential for new plants from 
wide crossing' 5 (for example, triticale). For the long term, it appears 


SCP is "complete," containing al ? eight essential amino acids. Its 
rude Drotein content is h i qh — A4 to 51 percent, compared to 32 to 42 
percent for soybeans. Some current production of SCP is now used as a 
livestock feed supplement. 

'Single-Cell Protein Comes of Age," New Scientist, November 28, 1974, 

p. 6^9. 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 


157 

that the opportunities offered by current research on cell and tissue 
culture are more than merely interesting speculation. Tissue culture offers 
the possibility of transferring desirable genetic potential among widely 
divergent species as well as among similar plant species. Cell culture 
(protoplast hybridization) offers the possibility of creating new plants 
via the fusing of different nuclei of two species within the same cell 
membrane. To date cells with unfused nuclei of two species within the 
cell membrane have been formed in the laboratory for soybeans with corn, 
barley, peas or rapeseed, as well as numerous other vegetables. Once the 
problem of growing fused nuclei is solved, if it is, then this technique 
could permit a wide range of new plants incorporating many desired charac- 
teristics, such as increased protein, disease resistance, higher yield 

A 

and nitrogen fixation. 

4. Grain for the Next Two Centuries 

As indicated earlier, our reasonably optimistic scenario is based on 
conventional agriculture gradually and partially giving way to unconven- 
tional and finally exotic methods, as well as upon a gradual change in 
dietary habits if this becomes desirable. Figure 9 depicts this scenario 
for grain production (or its equivalent) over the next 200 years. The 
lower boundary of the figure represents minimum nutritional requirements 
while the upper represents our view of a more realistic supply of grain 
equivalents, depending on both nutritive and "aesthetic" factors. The 
early part of the 21st century is marked by the advent of control led- 

* August E. Kehr of the Agriculture Research Service, U.S. Department 
of Agriculture, "New Developments in Plant Cell and Tissue Culture," a 
talk to the Third International Congress of Plant Tissue and Cell Culture, 
the University of Leicester, England, July 21-26, 197 1 *- 
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environment agriculture, while the 22nd century may see increasingly wide- 
spread use of exotic and/or high-technology means of producing food. 

By the year 2176 man's daily diet may include nutrients from foods 
such as single-cell protein, "super cereal," and synthetic foods which 
would be considered exotic if available today, but which might be common 
by then. The factors that determine long-term changes in man's diet are 
economy, health, taste and convenience. Although food habits are usually 
difficult to change quickly, they do change and people do gravitate toward 
palatable foods that are cheaper or more nutritious. And if they don't, 
it will most likely be because they are so rich and food is so abundant 
that there is no economic need to worry about nutritional values (as is 
often the case today) . 

The potential for use of synthetic foods in 2176 appears greater in 
light of such developments as the recent rapid increase in meat analogues 
made from soybeans. Th i s "meat 1 ess meat" lends itself to large-scale food 
preparation; it is cheaper, and it provides more usable protein than 
animal meat. (But it is far from the cheapest protein available.) Sales 
of this synthetic reached $10 million in 1973* and are expected to exceed 
$1 billion by 1980, replacing 20 percent of the natural meats in processed 

A 

foods . 

For nutritive fortification of food, single-cell protein offers 
great promise, especially in those areas of the world where there is a 
severe protein deficiency. Even today fortified foods are taken for 
granted (for example, iodized salt, enriched breakfast cereals). Thus 

E. B. Weiss, Marketing to the New Society (Chicago: Grain Communi- 
cations, Inc., 1973) , P- 32" 
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it should riot be difficult to expect changes in diets if the economic con- 
iiderations are desirable and the cultural or social mores are not too 
rigid--not in a year, or in five years, but with economic or nutritional 
benefits it should be quite possible in two to five decades. Within the 
.pan of our scenario, we consider changes in diet a virtual certainty. 

The_ Specia l P rob 1 em o f I nd i a 

When one examines the world food situation and potential severe 
shortages, attention is immediately turned to the South Asian subcontinent 
■ind especially to India, dith a population approaching 600 million, 1 
projected to reach 1 billion by the year 2000, India has lived with the 
threat of famine for centuries. Currently, the Indian population repire- 
>ents roughly half of the world's food problem. 

To a large extent the government of India seems to have exacerbated 
the problem with misplaced priorities. Since its independence India has 
emphasized industrialization (with capital-intensive industries such as 
steel yet to become profitable) and more recently national defense and 
development of nuclear energy, all of which have diverted resources that 
could have been applied to the agricultural sector. India's defense 
expenditure is the largest item in its budget, taking one-third of the 
government budget in 1 9 72 - 73 - Agriculture, on the other hand, declined 
over the period 1 9 7 f ~ 7 A from $1.1 billion to $850 million. Desperately 
needed irrigation facilities and fertilizer production have not been 
encouraged ; the problem has been compounded by a failure to operate 
existing fertilizer plants at more than 60 percent of design capacity. 
Perhaps equally important have been the unfavorable terms of trade to 
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which farmers have been subjected, demonstrated especially in the rela- 

A 

tively high fertilizer prices set by the government/' In addition, 

India's food procurement and distribution system is buffeted by rapidly 
shifting governmental policies attended by administrative incompetence 
and corruption. Attempts to obtain grain from the private sector at 
prices well below those of the open market, and a ban on the movement of 
commercial quantities of wheat to neighboring states, have induced wide- 
spread hoarding and smuggling of grain. 

To summarize, the lack of priority given the agricultural sector, 
an absence of a strong agricultural infrastructure, national policies that 
discourage foreign investment, unrealistic planning, a bureaucracy often 
bordering on paralysis, lack of competence in the international market, 
and the tolerance of corruption at all political levels appear to be 
the principal factors which have hamstrung India's agricultural develop- 
ment. 

Does the foregoing imply that India is destined for mass starvation 
or is perpetually tied to intolerable levels of food imports? Examination 
of India's agricultural sector shows a considerable potential for greater 
food output. When compared today with China, Japan or Taiwan, Indian 
agriculture has a rather low degree of fertilizer use, a rather high ratio 
of arable land to population, and relatively low yields. Moreover, India 

*For example, it has been calculated that in 1968-68 the Indian farmer 
required 5.2 kilograms of rice to purchase 1 kilogram of fert i 1 i zer , com- 
pared to only 1.35 kilograms for the Japanese farmer and only 1.15 kilo- 
grams for the Pakistani farmer (James D. Gavan and John A. Dixon, 1 India : 

A Perspective on the Food Situation," Science , May 9, 1975, P- 5^6). 

^Ibid. 
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3s blessed with extensive and fertile river basins. The need for irriga* 

< ion and deve iopment of water resources is one key to greater production 
since monsoon rainfall occurs only over a four-month period.. leavinq a 
large part of the country semi-arid for the remainder of the year. As 
.tated earlier, the development of the Ganges basin could increase qrain 
production by 150 million metric tons or more, a development that alone 
ouid meet the increases in minimum nutritional reauirements durinq toe 
next quarter-century. 

India's immediate potential for expansion is not a matter of technical 
feasibility, but depends rather on whether it can undertake the policies 
and Drograms needed to use its resources effectively. It: appears that 
only in the Punjab region nas much organization for effective production 
already taken place. An improved approach would appear to require both 
i decentralization of planning and a change in national emphasis from 
regulatory to facilitative procedures. In the short, run, an increased 
use of fertilizer is the Drincipal means of raisinq agricultural output 
for India, as it is for most nations. For the lonqer run, increased 
agricultural output will depend mainly on institutional chariqes which 
laiil encourage such actions as better use of water resources and multi- 
cropping, and will create an environment conducive to the efficient use 
of new technologies. 

In response to the urgent need to increase India's food production, 
its government announced in March 1975 that developmental priorities had 

For a more complete discussion of this recommendation, see John W. 

Mel lor. The New Economics of Growth: A Strate gy for India and the Develop- 

inq World , A Twentieth Century Fund Study (Ithaca, New fork: Cornell 
University Press, Forthcoming April 1976), Chapter 3- 
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shifted to food and energy. When she proclaimed a state of emergency at 
the time of the Indian political crisis in June 1975, Prime Minister 
Indira Gandhi introduced a number of measures ostensibly aimed at improv- 
ing the lot of the peasant. The promised measures included steps to 
bring down prices, reduce peasant debts and achieve a fairer distribution 
of land. In addition, the government promised to increase the amount of 
irrigated land by 19,000 square miles and electric power by 20 percent. 

The new policies could greatly help to develop India's agricultural poten- 
tial, but only if the government makes a serious long-term commitment. 

It is clear that there are many means for providing ample food for 
the world during the next 200 years. The availability of resources and 
a powerful expanding technology leave no doubt as to the potential of 
both conventional and nonconvent ional agriculture. In addition, flexi- 
bility in dietary habits enhances the prospects for exotic factory foods 
in the decades ahead. These potentials, however, should not be taken 
as an invitation to complacency. A tremendous effort will be required to 
realize them over the long term. More crucial in the short run will be 
enlightened and intelligent attention to the i nst i tutiona 1 factors that 
can enable available resources and technological skills to be utilized 
ful ly. 
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Chapter 6 

THE NEAR-TERM ENVIRONMENT: 

CLEAN AIR, CLEAR WATER, AND AESTHETIC LANDSCAPES 

Until recently, people treated their environment as a free commodity, 
accepting as natural the gifts it provided of air, heat, water, and 
the disposal of wastes. Now, however, the environment can no longer ful- 
fill these needs for civilization without economic cost and/or environ- 
mental degradation. Demand, having increased dramatically during the 
last 200 years, has exceeded the free supply. As a result, although the 
environment still provides these resources, they are now limited, no 
longer free (but not necessarily costly) and/or tainted. Advanced indus- 
trialized societies are learning that they have only two options: to 
restrict their demands or to pay for the environment by keeping it rela- 
tively clean and protected. 

It is our main thesis that while it will be expensive to develop and 
maintain a satisfactory environment over the next quarter-century, it will 
continue to be both economically and technically feasible during the next 
200 years, even if the world population and economy grow, as we project, to 
15 billion people and a $300 trillion GWP. Our secondary thesis is that 
with improvement in technology and practice, eventually the costs will go 
down . 

A Perspective on the Current Issues 

The environmental issues are politically "up front" these days, in 
part because they are relatively new but also because some very expensive 
changes must be made in the way things are done as a result of some very 
expensive recent legislation. Moreover, it is never easy to give up old 
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customs and habits. Not only must the cost of meeting reasonable 
environmental standards on new projects now be internalized, but, in 
principle, it has also been decided to accept the costs necessary to 
retrofit factories, buildings, transportation systems and farms to meet 
new/ standards. Furthermore, these changes are to be accomplished within 
a lew short years. This is a painful commitment. The Council on Environ- 
mental Quality estimated that by 1982 the pollution control expenditures 
For the previous decade would total $325 billion (in 1973 dollars), with 
an annual expense for operating and maintaining the systems of about 
$27 billion.” Although these sums seem huge, they constitute only a 
small fraction of our GNP, which presumably can and will be paid. 

How well will such expenditures meet the desired standards'? There is 
a vague impression in some circles that the pollution problem simply cannot 
be overcome in a growing economy. Indeed, the public sometimes seems aston 
ishingly unaware that even the relatively small efforts made to date have 
resulted in some progress. For example, one of the authors recently found 
that a group of high school students he met in Pittsburgh were aware that 
invi ronmenta 1 pollution is a major current issue, but none realized that 
his own city had already cleaned up its air pollution to a remarkable 
degree. We have been told by some British colleagues that a similar 
situation exists among students in London. In both cases the young had 
been taught — and bel Ieved--that the situation was deteriorating 
steadily. Durinq the 1950's Los Angeles eliminated backyard incinerators 
and controlled industrial emissions to reduce the air pollution problem. 

Council on Environmental Quality, Fifth Annual Report (Washington, 

D. C.: U.S. Government Printing Office, 197*0 P- 221. Note that the 
actual dollar costs--which are increased by delays, litigation, closures, 
abandonments, inflation and overs i ghts--may be greatly underestimated. 
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The Council on Environmental Quality has described the 30-year process 
involved in the cleaning up of the Willamette River basin;'" a similar 
but even more complex effort took place in Germany's Ruhr Valley. 

Japan today is spending about 2 percent of its GNP on an t i pol 1 ut i on 
devices, perhaps a greater proportion than any other developed nation. 

That nation is also in the forefront of creating technology that will 
keep the environment clean, a technology which could easily become a 
major Japanese export. The Japanese have experienced especially severe 
pollution problems because of their high population density and their 
spectacular economic development during the past 30 years. Rapid devel- 
opment without encumbering environmental controls enabled them to become 
a wealthy nation in a short time. They were not necessarily mistaken in 
this policy. They must now pay the cost of neglected environmental adjust- 
ments, but they have the money and technology needed. Also one learns 
through hindsight how things might have been done. So Japan may become a 
model for many of the less-developed nations: its past successes and 
errors should help guide would-be followers toward a more optimal path. 

For example, one serious error the Japanese made was to overlook the 
poisonous potential of wastes from heavy metals; mercury poisoning caused 
a major tragedy in the Minamata and Nigata bays, resulting in more than a 
hundred human deaths in addition to disasters among birds, fish and cats." 


■jV . 

Council on Environmental Quality, Fourth Annual Report (Washington, 
D.C.: U.S. Government Printing Office, 1973), pp. M-70. The sharp con- 
trast between the relatively clean environment of modern times and the 
putrefaction and hazardous conditions during the last century is carefully 
documented in a fascinating book. The Good Old Days--They Were Terrible by 
Otto L. Bettman (New York: Random House, 197*0, which we strongly recom- 
mend to those who desire a 100-year perspective on U.S. environmental issues. 

Council on Environmental Quality, Fifth Annual Report, p. 27. 
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The debate about proDsr test procedures for avoid inq such hazards 
associated with advancina technology is a complex one. Althouqh everyone 
who wants to achieve a reasonable balance between Dotential risks and 
benefits has access to the appropriate forums, mistakes have, been and 
nevi tably will be made-- in exercising too much caution as well as in 
caking too many risks. The evidence suggests that most developing countries 
understand their option of accepting some pollution in the short or medium 
term in order to attain more rapid economic growth — and that they will 
probably have to Day a higher cost eventually for retrofitting with 
an t i pol 1 ut ion equipment, presumably after poverty has been much reduced 
or eliminated. However, since current technology can often substantially 
reduce pollution from new installations at tolerable costs, the future 
problems of countries now developing may prove less severe than those 
presently facing more advanced nations. 

Nevertheless, the developing nations will have to make many difficult 
decisions in complex situations. For example, Rio de Janeiro has one of 
the finest harbors and beaches in the world. The famous Copacabana is 
enjoyed mostly by tourists, well-to-do Brazilians and visiting businessmen. 
Therefore, one might question whether the Brazilian government should 
expend the large sums needed to maintain this beach and harbor rather 
than use the money to develop the poverty-stricken northeast region. In 
a similar vein, one might also ask whether the Taj Mahal or Chartres 
Cathedral should have been built at the expense of the peasants of those 
times. How is the qereral long-term benefit to society traded off aqainst 
the short-term costs to the local poor? 

The environmentalist movement deserves credit for help inq to create 

he great interest in this issue, and the accompanying tensions, which have 
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led to major actions by governments — even though these organizations have 
sometimes allowed their dedication to the cause to overrule their good 
judgment. Some of the credit also belongs to their predecessors— hunters , 
outdoor sportsmen and nature lovers—who led a strong movement for 
environmental preservation and in fact formed the major public constituency 
of the Sierra Club prior to the mid-1960's. 

Entrenched lobbies require strong new counter lobbies to bring about 
change through legislative action. Thus, without the dedicated efforts 
of the current environmentalist movement, it is unlikely that Congress 
would have authorized strong controls over automobile emissions. We 
believe that some important arbitrary decisions were needed and were made. 

For example, when Congress in 1970 set the deadline for the automotive industry 

to produce vehicles with effective emission controls, it would have chosen 
1980 if it had relied upon the industry's advice, and in due course that 
deadline might well have been pushed back to somewhere between 1985 and 
1990. In fact, when Congress chose 1975, it chose an arbitrary five-year 
period, apparently for no compelling reason. (Efforts to track down a 
more precise reason for this figure have yielded only the observation 
that it was an obvious numbei — the fingers of one hand!) In retrospect, 
however, this action appears to have been both appropriate and wise, since 
it served as the spur that caused the industry to move--if not very rapidly. 

If Congress generally set arbitrary standards and stuck to them it 
could prove to be very costly. But the setting of high standards to 
be met in a short time, which later can be allowed to slip by a year 
or two, can prove an effective approach without resulting in terribly 
high costs. Actually, it turned out that Japanese companies were able to 
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design automobiles to meet the U.S. standards before American companies. 
But the fact that: the U.S. manufacturers did not meet the original deed- 
lines hardly makes a stronq case for special punishment. Their struggles 
to comp ly with this unexpected change in the rules and the losses they 
have already suffered may be punishment enough. The lack of sympathy 
by some of the more militant environmentalists, to the point of "total 
unforq i veness" over the industry's agony, might almost be labeled 
"bigoted" and probably is counterproductive, as such a stance costs them 
some support and makes them appear vindictive. 

The environmental movement probably also lost supporters because of 
its relentless attempt to delay the Trans-Alaska Pipeline (TAP), even 
after the enerqy crisis had become critical. Environmentalists were 
success ful --and probably j us t i f ied-- i n bringing about the review of the 
original pipeline plans; indeed, substantial and useful modifications 
resulted. But subsequent delays seemed to reflect little more than ex- 
cessive zeal and ideological intensity. If during the next several years 
the Alaskan North Slope ard adjoining offshore areas are found to have, 
say, a 50-b i 1 1 iori-ba r rel oil reserve instead of the 10 billion now 
conservatively estimated, lengthy delay in the completion of the pipeline 
caused in large measure by court proceedings brought by those in extreme 
opposition, may turn out to have produced a blunder in U.S. policy of 
historic dimensions. Such a delay could become a classic example of an 
indulgence of the kind that even a wealthy advanced country cannot afford 
And even at 10 billion barrels, the lost years have probably caused a 
balance-of-payments loss of about $25 billion or more. 
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In critical times a country needs understanding from its citizenry 
and flexibility in behavior. This is not to imply that the mere existence 
of an emergency is sufficient cause for riding roughshod over environ- 
mental considerations or legal restraints. But some bending, some 
temporary compromises, may be necessary. A major weakness of the 
environmental movement is its apparent need to oppose every major project, 
often, it would appear, simply as a matter of "principle." Undoubtedly 
there are some specific reasons for opposition in each case, but to oppose 
all projects, the good and the bad, is to delay without sufficient cause 
and at great expense government approval of those programs that are vitally 
needed. Few of the good things in life come free. Hard choices must be 
made, and concerned environmentalists must share in the responsibility. 

In effect, we should have a "cost impact" statement filed by environmental 
groups of the cost of their intervention; in some instances it might be real- 
ized that, in the long run, the real costs of intervening may exceed those of 
not intervening at all. Otherwise, excesses of the environmental ists--especial ly 
in the midst of a recessionary economy — could well create an unfortunate 
backlash and result in a general public distrust and subsequent rejection 
of many of the positive contributions the environmental movement has to offer. 

Some Consequences of Environmental Regulation 

Because legislation of the last decade has perhaps made it too easy 
for anyone to interfere with almost any proposed change, the result has 
been an enormous amount of lobbying, harassment, political initiatives, 
litigation, abandoned projects and bitterness. It seems obvious that new 
procedures are needed in order to settle environmental disputes with 
greater dispatch. The huge costs associated with protracted delays 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 


172 


evidently were not contemplated by Congress when it passed the Nationeil 
Environmental Protection Act (NEPA) of 1 969 . Besides the postponement 
in building the Trans-Alaska Pipeline, there are many other examples of 
costly delays caused by objections made by environmentalists. Indeed. 

It is difficult to find anv proposed project related to the important 
area of new enerqy supplies that has not been so affected. This applies 
to coal mininq or conversion plants, ocean drillinq For oil and qas, oil- 
shale projects, nuclear power, thermal electric power, transmission lines, 
pipelines, refineries, petroleum or natural gas storaqe, and even qeothermal 
sowe r . 


Another conseauence of the environmental movement, resulting from 

its hasty rise to prominence and the attendant political power, Is that 

it has been responsible for some disastrous decisions. In retrospect, 

some of these mistaken judgments may even seem humorous, but it is no 

laughing matter when they add unnecessary costs to be borne by the already 

overburdened taxpayers. And there are even tragic examples when millions 

of people have suffered from ill health or in some instances died because 

of such a mistake, as exemplified by the DDT case: 

Ceylon was one of the first Asiatic countries to ban DDT, 
with startl inq results. More than 2 million Ceylonese had 
malaria in the early 1950's when DDT was first introduced 
to control malarial mosquitoes. After 10 years of control, 
malaria had all but been eliminated in Ceylon. The country 
banned the pesticide in 1964. By 1968 over a million new 
cases of malaria had appeared. Ceylon rescinded its ban on 
DDT in 1969.“ 

Of course every new movement attracts dedicated workers who are 
e tent less in pursuit of their goals and unable to make rational modifica- 
tions of their pos i t ions--perhaps a definition of extremists. Unfortunately, 

Cy A. Adler, Ec olo gi cal Fantasie s (New York: Green Eagle Press, 

1973), P- 19^: The New York Times, March 16, 1969- 
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our political process is vulnerable to such extremism and serious 
consequences can result. Perhaps the greatest blooper is that nobly 
worded section of NEPA which allows any "interested" citizen (often 
translated as "fanatic") to "intervene" (translate: "harass as much 
as possible") in "any" environmental impact hearing (and they have, it 
seems, in every one). 

The 1970 amendments to the Air Quality Act of 1967 reflect a compre- 
hensive revision of previous pollution control statutes in the United 
States and are generally considered to constitute the most advanced 
approach to air quality management in the world today. The latest figures 
from the Environmental Protection Agency's monitoring programs indicate 
that these standards are beginning to be met quite generally throughout 
the United States. A large number of the reporting stations show that 
particulate and sulfur dioxide standards are being met on the average 
throughout the year. Automotive-related pollutants such as carbon 
monoxide and hydrocarbons have been reduced substantially, although these 
chemicals and the nitrogen oxides are still a problem for many communities. 
The new auto pollution control devices for the 1975 models and those of 
later years should help to decrease these pollutants steadily in the near 
future. It is doubtful whether all air quality standards can be met 
throughout the country for the indefinite future as the population and 
industrial and transportation activities change. If they could be, the 
standards should and probably would be made more stringent. On the other 
hand, the public is aware of the laws, regional plans have been approved, 
and action has been taken to limit the emission of pollutants. It is 
clear that the air is getting cleaner and that this trend will continue. 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/0^,: CIA-RDP79M00467A000200150019-4 

The frequent emotional cha -ges to the contrary as a general proposition are 
' mp iy unfounded (see Figure 11). The coming decade will demonstrate the 
degree to which strong public involvement and major expenditures can 
succeed in meeting the recent standards for clean air. 

The Federal Water Quality Act of 1972 is clearly one of the most far- 
reaching pieces of environmental legislation. By 1977 all nonpublic 
stationary sources of water pollutants must employ the best practicable 
control technology currently available, and public sources trust: have at 
least the equivalent of secondary treatment of sewage. By 1983 the best 
available technology economically achievable must be installed. By 1985 
;t national goal of zero p o llutant discharge into navigable waters is to 
be attained, an impossible goal and thus one clearly destined for modifica- 
tion (or reinterpretation) to more realistic standards. One result will 
probably be a lot of abuse hurled at the government for "selling out." 

Ihe Environmental Protection Agency has accelerated its efforts to 
obligate funds appropriated by Congress for municipal waste treatment 
construct ion . A total of 318 billion has been authorized by Congress, and 
grants reached nearly $3 billion in fiscal year 1975. It is likely that 
the 1977 requirements will be widely achieved, but the 1983 and 1985 goal c -‘ 
imply major process changes in industry, as well as in municipal pollution 
control. Some of which are not yet designed. Probably because of rec* 
increases in cost estimates, there appears to be movement towarc. revision 

of these goals; in fact, no one has yet. defined what "zero pollutant dis- 
charge" would mean in practice. 

Certainly progress has been made in limiting additional water pollu- 
tion, and a beginning has oeen made toward cleaning up the rive's, streams 
ana lakes of this nation. On the other hand, even if the 1985 goals were 
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achieved, most waters of the United States would still be receiving 
both urban and rural runoff, which injects various quantities of sediment, 
chemicals, bacteria and even viruses. The degree to which this area-wide 
pollution (as contrasted to point-source pollution) will be controlled 
and over what period of time are still among the issues that must be 
resolved through legislative action and technological progress. 

Environmental Economics 

Every student of elementary economics has learned that, in theory 
at least, pollution controls should cease when the next dollar spent 
yields less than a dollar’s worth of benefits. In other words, we know 
conceptually the exact optimal point to which our control activities 
should be carried. Unfortunately, in practice a serious problem impedes 
the use of the optimal solution: while we can often reasonably approxi- 
mate the expenditures required for pollution abatement, there is no clear 
or accurate way to measure the economic value of most of the benefits 
(cleaner air, a cleaner lake or a quieter street) or most of the social 
costs (health hazards, ecological stresses, unsightly landscapes) even 
in gross terms, let alone to determine marginal changes. This difficulty 
is so great, in fact, that the concept of an optimal point has little 
value outside the economics classroom, for in practice the optimal point 
is usually determined in Congress as well as in the numerous political 
arenas at other levels. 

Somehow out of this maelstrom of environmental struggle, solutions 
emerge and standards are set which of course are constantly subject to 
change as the endless search for the optimum goes on. Consequently, the 
current standards for air and water quality, radioactivity, noise levels 
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POLLUTION CONTROL COSTS AS A PERCENTAGE OF THE 
GROSS NATIONAL PRODUCT 



Source: Adapted from S. Fred Sinqer, "Future Environmental Nee^ 

• ind Costs. *' in Leon tics of a Clean Environment, a e, 
of the Proceedings of a Symposium cosponsored bv The 
Mitre Corporation and the American Geophysical Un on : n 
McLean, Vircinia. published by The Mitre Corporatior , 
McLean, Virginia, July 1 9 7 A , p. 21. 
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and other elements must be considered temporary. Today's rules and 
regulations, together with voluntary local customs, define the current 
optimum point; tomorrow's will almost certainly be different. This 
situation appears chaotic and inefficient to some who are deeply involved 
and can see many of the blunders along the way. However, a rich country 
has the advantage of being able to afford temporary mistakes and inef- 
f i ci enc ies--to a substantial degree. If, as we expect, after another 
decade or two the battle will have subsided to a less controversial level 
of administration of rules and regulations, history may eventually deter- 
mine that for a democratic society the United States followed a practical 
and satisfactory route. 

An important problem to be resolved in the years to come can be seen 
in Figure 10, which projects increasing costs for pollution control over 
time as a proportion of GNP--from about 1.5 percent currently to between 
5 and 6 percent in 50 years. In other words, if the model is correct, 
the environmental maintenance costs will be a steadily increasing portion 
of U.S.GNP and a substantial growing burden on the economy, exceeding the 
projected defense budget in 2020. However, like all mathematical models, 
this model is vulnerable to the claim that it provides an oversimplified 
view of the real world; still we expect that it will prove reasonably 
accurate for the next few years. One of its potential weaknesses is that 
it assumes that the reduction of wastes per unit of output as a result of 
technological improvements is limited to a factor of two; another is that 
the reduction in abatement costs per unit of pollutant is limited to a 
factor of two, and that even these results are only gradually attained 
over several decades. (The usefulness of these 1 imits is questioned in 
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i.he next section.) On the other hand, we believe that a wealthy country 
! i ke the Un i ted States is ooinq to want very high standards- - indeed that 
it wi 3 ] want to keep imorovinq them until the costs become prohibitive. 
Substantial funds are likely to be allocated to imorovinq the land anc 
the landscape. The costs for clean air and water appear likely to peak 
during this century and subsequently diminish--at least as a percentage 
if the GNP. 

technol ogy : Force for Good or Evil? 

A currently popular attitude is to blame technology or technologists 
tor havinq brought on the environmental problems we face today, and thus 
lo try to slow technological advance by halting economic qrowth. We 
believe this view to be thoroughly misguided. If technology brouqht us 
automobiles that pollute the air, it is because pollution was riot recog- 
nized as a problem which engineers had to consider in their designs. 
Obviously, technology that produces pollution is generally cheaoer, but 
now chat it has been decided that cleaner cars are wanted, less polluting 
cars will be produced; cars which scarcely pollute at all could even 
be made. This last option, however, would require several vears and 
much investment. Althouch technology is responsive to the ..il of tne 
people, it can seldom resDond instanteous ly and is never free. If sor 
changes its requirements there will, of course, be added costs to pay, 
at least during the transition. Technology cannot end all problems-- 
perhaps not the most important ones--but technology can solve or alleviate 
almost all pollution problems and it can also create a physical context; 
that makes possible the creation of a better society anc! cu', tura. 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 


179 

We take the position that nearly every measurable environmental 
blight or hazard can be corrected by a combination of technology, a 
reasonable amount of money, sufficient time to make the required changes, 
and (occasionally or temporarily) some (otherwise undesirable) self- 
restraint. Many environmentalists tend to rely almost completely on the 
self-restraint approach, which, we believe, is disturbing to the nation 
and probably counterproductive to the cause of a cleaner environment. 
Normally, one cannot change automobile pollution by more than a factor 
of two or three by self-restraint, while technological improvement seems 
likely to yield a factor of 5 to 50. In a few cases it may be reasonable 
to require the phasing out of an activity or a moratorium on an industry 
or potential industry, at least until the major objections can be handled. 
This course of action was followed, for example, for some smelting opera- 
tions, and it may be deemed advisable for the proposed breeder reactor, 
perhaps even other nuclear power reactors. In other cases, an appropriate 
decision requires striking a cost-benefit balance between aesthetics and 
health or other needs (for example, standards for engine exhausts or the 
use of pesticides). This involves a political process which during the 
short run produces aggravation on both sides. However, the aggravation 
usually subsides as the problems are solved and people's interests shift, 
as in the case of the Trans-Alaska Pipeline. 

The 1 imi ts-to-growth model--with its conclusion that continued 
economic growth causes pollution that will inevitably overwhelm us is 
undoubtedly incorrect. Our principal argument is that although the fraction 
of our GNP needed to control pollution may increase over the near term, it 
is likely to remain a very small part of the whole GNP. Secondly, we 
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.-oriciude that from now on, if the choice is made, the air, water and land 
scopes can become cleaner over time--a!onq with continued economic arowth 
Whenever more stringent standards are adopted or i t is decided that envi- 
ronmental improvements are to be achieved more rapidly, or both, averaqe 
income will, for a time, be reduced accordingly. But these are political 
-find economic issues whose resolution can be found partly through techno- 
logical advances and partly through political decisions. 

We will discuss two areas in which pollution is a major problem 
today and which are under intense scrutiny by many organizations for 
possible technical solutions. These are the automobile engine ad f -> 
electric power plant. In using these two examples, our purpose is to 
help provide a better perspective on technology as a resource for fut. re 
pollution control and to help make persuasive the above conclusions 

The jsutomobi I e engine: The internal combustion engine undoubted / 
now constitutes man's larqest remaining source of air pollution. But 
some progress has already been made toward alleviating this problem and 
further improvements have been mandated and are scheduled for the nea - 
future. Table 18 shows the improvements already achieved and those 
anticipated; these range between factors of 6 and 20 for reducing the 
emission of various pollutants. But even if the newest standards are 
met as scheduled, still further improvements based on new engines are 
possible over the next 10-50 years. These cou i (and probably will) over 
that period of time essentially eliminate ary significant: emission c a r 
pol 1 utants . It is not certain, of course, whether it will .... 5, 25 or 

i,0 years to accomplish the desired result, but there is evicence tnat t 
can readily be done by the early part of the next century, and qu te 
[ioss i b Iv in this one . 
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Table 16 


Automobile Emissions, 1957-67, and under Federal 
Standards, 1970-75 



[In gram* par mile ] 1 



Hydro- 

carbons 

Carbon 

monoxide 

Nitrogen 
oxides 1 

1957-67 autos, averaged 

1970/71 Standards 

1972/73/74 Standards 

1975 Interim standard 

United States 

California 

Statutory standard 

8.7 

4.1 

3.0 

1.5 

0.9 

0.41 

87 

34 

28 

15 

9 

3.4 

>3.1 

3 1 

2.0 

0.4 


. All values are expressed in terms ol the 1975 Federal emission test procedure. 
• The NO. standard became effective with the 1973 models. California s NO. 
standard of 2.0 grams per mile became effective with the 1974 models. 


Source: Council on Environmental Quality, 
Fifth Annual Report 


Several technological possibilities point in this direction. One 
is the use of clean-burning fuels such as natural gas, propane, hydrogen 
or various alcohols in current (but probably improved) internal combustion 
engines. Another possibility is to use an improved emission control system, 
such as the catalytic converter, perhaps in combination with a stratified- 
charge engine and "cleaner" gasoline (from which most of the sulfur has 
been removed). These kinds of changes are all near-term possibilities 
that concentrate on new fuels and minor engine modifications. Over a 
longer time period, the internal combustion engine may give way to one of 
several external combustion engines which could burn many of today's fuels 
with relatively insignificant amounts of pollution. The major potential 
as seen now is related to the possibilities inherent in (a) a Stirling 
cycle engine, (b) a Rankine cycle (steam) engine and (c) a Brayton cycle 
(gas turbine) engine, each of which is under intensive research and development. 
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finally, perhaps the most likely medium- or long-term successor to 
current motor vehicles is the electric automobile. In principle, such 
vehicles would be simpler, perhaps less expensive, substantially more 
efficient in energy consumotion, practically pollution-free, almost s' lent 
in ooeration, would require much less maintenance or servicing, and would 
last much longer than today's cars. The major technological problem 
remaining to be solved is related to providing a sufficient amount of 
■nergy s to rage - - 1 he electric equivalent of a tank of g a soli ne - -and se ve ra 1 
promising options are bemq actively studied. These are: (1) the use of 
advanced storage batteries, which might furnish about 10 times the enerqy 
(per pound) of current lead batteries; (2) the fuel cell, which can "burn" 
hydrogen or any of several light hydrocarbon fuels cleanly and efficiently 
to produce electric power; and (3) the flywheel, which, with recent designs 
Tnd new high-strength materials, can in principle outperform most of the 
batteries being considered today. The major constraint now visualized on 
the use of electric vehicles (assuming a satisfactory solution to the 
energy storage problem) is the time required for recharging batteries or 
reenergizing flywheels. Normally this would be done overnight or whenever 
in hour or more is available. However, continuous driving beyond the 
range of the stored enerqy may not be feasible except possibly with an 
engine based on fuel cells. Even this limitation on driving range is far 
from certain since a number of concepts have been proposed t:o circumvent it 
(for example, a hybrid engine that can combine the advantages of shorter- 
distance electric drive with a cross-country, gasoline-powered enqine-- 
1 1 some additional costs, of course). There appears to be little doubt 
that an electric automobile will come into widespread use; only the 
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Electric power plants : Today the power plants that burn fossil fuels, 
especially coal, are major targets for air pollution controls. Those 
burning natural gas pose no significant pollution problems, but because 
of the competing demands for gas, most foss i 1 -fuel ed power plants in 
this country burn coal or oil and therefore need substantial controls. 

In the near term these controls are expected to be costly — especially 
since there appear to be shortages at present of low-sulfur coal, and 
some natural gas and petroleum-fueled plants will be phased out to meet 
the various goals developed out of Project Independence. However, for the 
medium and long term, so many options are likely to become available for 
relatively clean power that timing and phasing appear to be the only major 
problems. In the United States the basic technology is in hand today, 
although the design, development and construction time to achieve substantial 
commercial production may require between 10 and 25 years. Some of the major 
new options are: 

1. Clean-burning synthetic gas made from coal — 

especially low-BTU gas 

a. from coal conversion plants 

b. from in s i tu gasification of coal 

2. Low-sulfur synthetic crude oil or alcohols made from 

a . coa 1 

b . oil sha 1 e 

c. other fuels: tar sands, peat, organic wastes 

3. Solar or geothermal electric power 

4. Nuclear fission or fusion reactors 

All of these options have the potential for a great reduction of air 
pollution, but the fission reactor is still seen by many as posing unacceptable 
safety and arms-control hazards. (Later in this chapter we discuss the 
environmental objections to mining and conversion operations for oil shale 
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and coal that are related mostly to local land use and water requirements. 
Unfortunately every larqe industrial venture creates some envi ronmenta 1 
disturbance. ) 

8y the turn of the century, it appears very likely, the environmental 
health hazards associated with power plant emissions will be reduced by a 
factor of 10 or more From the pre-1970 levels. Not only would the use of 
cleaner fuels diminish pollution, but by the appropriate sitinq of new 
power plants, the impact of the residual emissions could also be reduced, 
i’or example, offshore locations are now being considered seriously for 
iarge energy installations. Finally, in the long term, fusion and solar 
and/or geothermal energy, rather than fossil fuels, are likely to assume 
rhe maior burden of clean power product ion--un 1 ess some of the nuclear fission 
options become sufficiently acceptable and are more economical. After this 
transition begins, the remaining air pollution from power production can be 
expected to diminish steadily. 

?lfUF_yJt jpol jut ion prob lems : Various technological options are now 
being studied or designed for controlling other pollutants. Each of the 
major problems associated with sewage, solid wastes, agricultural runoff 
and chemical hazards appears to be reducable in a number of ways based uoon 
good management and/or new technology, and generally by much more than a 
factor of two, although in some cases solutions may not be practical in 
the near term (for example, effective handling of the storm runoff in many 
urban centers, as discussed below). 

'ne of the reasons pollution control encounters such resistance today 
is that the new regulations often require the retrofitting of existing 
installations — nearly always a much more costly and difficult: task than 

providing appropriate controls during the initial installation. A second 
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reason is that the time allowed to control the unwanted emissions generally 
appears too brief to those saddled with the task (and too long to those 
pressing for results). 

Under present circumstances, therefore, certain environmental prob- 
lems are much more difficult to resolve than others. Thus dealing with 
the nonpoint sources of water pollution has some particularly nasty aspects 
one being the problem of storm runoff from urban areas where sewers and 
storm drains are now combined, an unfortunate inheritance from earlier 
times. Since most treatment plants cannot handle the volume of water 
from sizable storms, they merely divert most of the runoff (and sewage) 
into the rivers or other receiving waters during these periods. The 
obvious solution — separation of the sewer and storm drain systems --would 
be an enormous task that not only could cost more than $100 billion," 
but would literally require the excavation of nearly every street in most 
of the major urban centers--an exceedingly unpleasant prospect. It seems 
more likely, therefore, that less costly and disrupting partial solutions 
will be sought, at least over the short or medium term. One such possible 
solution would be to create a system that can impound the initial runoff 
from a storm before diverting the rest of the flow; the impounded water, 
containing a large amount of the accumulated street pollutants, could be 
treated before being discharged into the rivers. 

Clearly, designing new cities, new power plants, new vehicles and new 

"One 197 *+ estimate was $235 billion ( Engineering News Record , Sep- 
tember 12 , 197 *+, p. 17 ). More recently, the sum of $444 billion was 
estimated by Vice President Rockefeller's Commission on Water Pollution 
Control as the required U.S. expenditure (reported in The New York Times , 
September 28 , 1974 ). 
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industries to meet required environmental standards would be relatively 
less painful or difficult than the agonies of retrofitting the existing 
system to meet the legislated new standards. These problems are likely 
to be severe during the next decade or two but should steadily diminish 
shortly after that. 

Land-Use Issues 

Land-use environmental issues pose some interesting problems of 
choice. There is no "right" way of deciding whether it is better (a) to 
strip-mine for minerals and later restore the land, thereby leaving it in 
a disturbed condition for as much as a decade or more, or (b) to pay the 
extra costs (including higher risks to miners) associated with under- 
ground mining. Either way, or neither, may be chosen. A trade-off exists 
between increased wealth on the one hand and degrees of health, safety and 
aesthetics on the other, and regulators must find an appropriate balance 
between them. 

For future political decisions, it might be reasonable for policy- 
makers to envisage at least three major categories in the relationship 
between environmental controls and land use. The first would be the 
most protected regions, such as special wilderness areas, including mountains, 
national parks, lakes and scenic deserts--a reas which, by common consent, 
would be kept in a state of nearly natural purity. Any noticeable pol- 
luting activity would be strictly forbidden or severely controlled. The 
second category would involve areas in which most people spend most of 
their time — the residential, industrial, commercial and farming districts; 
and it is here that the major struggles to define an optimum environment 
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will be and, we believe, properly should be part of the political scene 
for at least the next decade. The third category would be defined as 
)ne in which "junk piles" of one kind or another, for economic or techno- 
logical reasons, could be tolerated in a few selected regions for greater 
or lesser periods of time — for example, some stripmining operations in 
remote areas until the land is restored, drilling in oil fields until 
they are depleted, use of surface pipelines or transmi ssion 1 ines until 
they are obsolete. 

Indeed, in a few cases, it might be undesirable (for example, too 
costly) to require a complete or equivalent restoration of the original 
terrain. The citizens of the region might prefer other alternatives to 
spending $10,000 per acre to restore land formerly valued at perhaps $100 
aer acre. However, in the last two categories we would generally encourage 
the current trend: to set legal standards to assure that any major dis- 
turbances which are not self-healing would be repaired if practical — more 
or less gradually and in reasonable consonance with the economics of the 
local situation. The time periods involved could vary from months to 
decades, but rarely would be longer. Although it may be galling for any 
environmentalist to accept our "junk pile" category as necessary, we would 
argue that it is a normal and required attribute of any industrial society, 
past, present and future. The time requirements for restoration, or the 
degree thereof, may be appropriate subjects for continuing debates, but 
not the principle that such a category is necessary. In a developed 
country as large as the United States, certain limited areas must be 
temporarily expendable. 

In retrospect, to return to a previous example, it seems strange 

that the environmental movement fought with such tremendous energy in 
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the battle against the Trans-Alaska Pipeline, How could they ignore the 
fact that this venture, with such obviously great economic impact, only 
required the use of much less than .01 percent of the Alaskan area — land 
generally located in a region so remote that, except for the workers, it 
would be seen only by a few of the most adventurous tourists? Furthermore, 
with proper design, the impact on wildlife at most would be negligible 
and might even prove to be of some small benefit (for example, the pipeline 
could offer occasional refuge from the Arctic wind). The delay in starting 
the TAP not only added billions to the original cost, but meant that the 
American people had to pay about $5 billion annually for several additional 
years to foreign producers for their fuel requirements. 

Perhaps there are some lessons here that will enable us to make 
more reasonable decisions in the future. Where the land and the environ 
ment can readily be restored approximately to their original condition, 
we would contend that there should be little argument about whether or not 
strip mining should be approved. Where restoration to the original condi 
tion is not feasible but a reasonable aesthetic substitution can be 
designed, then perhaps the only debate should be in the choice of the form 
of restoration. A more difficult case would be one in which a particularly 
arid climate prevents either restoration to nearly original conditions or 
a pleasing alternative, and here it seems quite proper to expect a major 
environmental struggle. The eventual decisions, presumably, would result 
from a combination of (l) the effective arguments about the environmental 
consequences, (2) the importance of the project to the country, (3) the 
cost to the country of a temporary immobilization of the natural processes 
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of the area (not all areas can be assiqned the same deqree of worth) and 
(k) (as always) the preponderance of political clout among the various 
lobbying groups. 

f ut ure Environmental Progres s 

The great surge in the worldwide concern with the environment that 
began in the 19b0's has now not only culminated in a new national con- 
sciousness about environmental quality but, aided by the accelerating 
trends to improve the quality of life that characterize economically ad- 
vanced nations, has also led to great progress in controlling pollution 
in Japan, North America and northwestern Europe. Lesser but important 
advances have occurred in most of the other affluent nations of the world, 
and also in some of the less affluent. The victorv of the environmentalists 
may not yet be completely apparent because it is still in process (see 
figure 11). And in some of the less affluent nations, a parallel victory 
may (perhaps quite properly) be delayed somewhat until the costs of the 
associated slower economic development become acceptable. Even in three 
cf the most dedicated areas — Japan, North America and northwestern Europe — 
it may take about another 0 years before the full impact of trends toward 
environmental improvement can be seen. 

This interim period will not, however, be one of repose. We expect 
to witness a constant battle between the more militant environmentalists 
and those who must suffer the financial impact of the clamor for "too 
-apid" sol utions--especial iy those obliged to retrofit existing installa- 
tions at great expense to rectify their past "carelessness," or those 
who feel that an adoption of costly anc unreliable environmental tech- 
nologies might soon have to be repeatec. 
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Generally, however, we expect progress to occur through a succession 
of appropriate compromises: protection of the environment where it is 
practical and useful, and encouragement of economic growth where it is 
relatively productive and the environmental disturbance is believed less 
important (as with oil from Alaska). Battles will be fought continually, 
and there will be many setbacks. New offshore leases for oil drilling or 
increased strip mining of coal will be defeats in the eyes of some people, 
but victories or reasonable compromises for others. We expect that most 
victories will be won by the moderate majority who are willing to pay 
reasonable costs (both directly and indirectly) to achieve clean air and 
water, without carrying any policy to extremes. In particular, we believe 
most people are willing to tolerate small amounts of aesthetic and environ- 
mental damage in areas that are important for national security, economic 
stability or further economic growth, as long as most of the populated 
areas are being steadily improved and the recreational areas enlarged. 

Their objective will not be the impossible one of zero environmental 
damage or no change, but rather to accept the bad with the good in changes 
which improve the overall quality of life by reasonable standards — 
including social stability and economic growth, where feasible. 

We expect that with the passage of time there will be fewer struggles 
over 1 i fe-and-death or critical health decisions and severe economic damage, 
but instead efforts will be increasingly focused on aesthetic or quality-of- 
1 i f e issues — perhaps even relatively marginal ones. Only fanatics will feel 
personally defeated (or see a disaster for mankind) each time a power plant 
is sited, an oil tract leased or a pipeline built. The majority will 
learn that new power plants are much cleaner and safer than the ones of 
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Lhe I960 1 s; that drillina ror oil can be done in new ways that reduce by 
90 percent or more the danqer of spillage and contamination of beaches 
and marine life; and that pipelines can be built aesthetically with only 
temporary scarring over small areas. Indeed, this will constitute progress 
and for their part in it the environmentalists and others who fought the 
a.ariy battles are to be thanked. Many mistakes and setbacks will certainly 
occur, as a resuit of overzealous programs or excessive political pressure. 
9ut probably by 10 or 15 years from now, almost certainly by the year 2000, 
t is very likely that we will be able to look back with great pride on our 
accomplishments. We will breathe clean air, drink directly from rivers 
and enjoy pleasing landscapes. 
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Chapter 7 

THE DIFFICULT LONG-TERM ENVIRONMENT: 

MAINTAINING EARTH"S FRAGILE ENVELOPE 

We now come to some of the most misunderstood but, at the same time, 
important and dramatic environmental issues. If it subsequently turns 
out that "progress"--as exemplified by science, technology and industri- 
alization— is judged to have been a mistake, the most likely reason for 
such a retroactive judgment would be the precipitation of a major 
catastrophe or some inadvertently triggered inexorable disastrous process 
that has passed a point of no return. The most obvious example, of course 
would be a large-scale and indiscriminate nuclear war. Another would be 
an irreversible cooling of the earth leading to a relatively rapid emer- 
gence of a new ice age. The converse may be even more likely— the heating 
of the earth and melting of the ice caps— but in our opinion this would 
not be an overwhelming catastrophe that would tip the balance against 
progress. Mankind might destroy a portion of the ozone layer, or perhaps 
overload large parts of the ocean with excessive or toxic waste. (Both of 
these also would presumably be limited catastrophes, comparable to many 
historical events.) Some scientist might accidentally release a mutated 
virus into the environment which would cause a disastrous epidemic, or 
accidentally transport an equally dangerous virulent agent from Mars 
or Venus to the earth. Conceptually, there are probably many other 
scientific innovations or new technological processes that might appear 
so quickly that those exposed could neither adjust to the phenomenon nor 
negate it in time to avert a major or total disaster. In any case, 
various kinds of limited difficulties or local disasters are probably 
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inevitable. But most people have been willing to accept such risks as 
one of the many costs of progress--an attitude that is not expected to 
change quickly. 

One P robjem : Mistakes of Omission or of Commission? 

Thus science and technology--which in Western civilization removed 
poverty, illiteracy, hunger, frequent and severe disease, and short life 
spans for the majority of people and created for them instead relative 
affluence, improved health and medical care, longer life expectancy and 
a sense of increasing powei — now appear to some groups to raise a gen- 
eral threat to the continuation of our civilization. Yet civilization 
has made a commitment to science, technology and industry — one that 
might indeed be called a "Faustian bargain." For, as we remember, Faust 
(in Goethe's play) bought magical (that is, secular) knowledge and powers 
that he was compelled to use and then perforce he had to proceed to the 
next experience, the next project - -or be forever damned. And that 
illustration provides a good analogy with some formulations (not ours) 
of the current predicament. We do agree that mankind is involved in a 
process that probably cannot voluntarily and safely be stopped, or pre- 
maturely slowed down significantly, even if there are good arguments for 
doinq so. But we maintain that on balance and with some exceptions (for 
example, nuclear proliferation), the arguments are heavily against 
deliberate policies to halt or slow down the basic long-term technological 
trend, even if it could be done with safety. Indeed, we would prefer to 
accelerate some aspects of this trend, while being prudent and 
generally watchful in order to prevent or reduce the impact of the bane- 
fu 1 poss i b i 1 i ti es . 
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Those who suggest stopping or slowing technological progress face 
several problems. The foremost difficulty is the sheer political, 

economic and technical impractical i ty of launching an effective 

campaign of this sort against the existing active opposition 

and/or apathy. While the zero-growth advocates and their followers 

may be satisfied to stop at this point, those who wish to go further are not. 

Populations grow, and their aspirations cry out for satisfaction; prudence 

and foresight require that a high priority be assigned to creating an 

economic surplus and developing technological "muscles" and flexibility. 

New pressures arise regularly, impelling various "backward" groups to 
modernize in order to get their share of the available material rewards. Even 
the most advanced societies find moral as well as practical and selfish 
reasons for maintaining or accelerating the current momentum. Any serious 
attempt to frustrate these expectations or desires is likely to fail and/or 
create disastrous counterreactions. Some may argue that the people strug- 
gling for affluence have been brainwashed, that they are giving up "every- 
thing" for "nothing," but we believe they are responding reasonably to 
such objective pressures as overpopulation, national security and local 
poverty as well as such obvious aspirations as the revolution of rising 
expectations and/or the more or less clearly formulated image of what 
seems to be a highly desirable postindustr ial society. Thus — extending 
the Faustian analogy--any concerted attempt to stop or even slow "progress" 
appreciably (that is, to be satisfied with the moment)--is catastrophe- 
prone. At the minimum, it would probably require the creation of extra- 
ordinarily repressive governments or movements — and probably a repressive 
international system. 
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Host of the current no-qrowth advocates argue for a redistri- 
bution of resources as opposed to continued growth as a means of improving 
the current quality of life. But we argue that many of these "reformers" 
do not mean what they say. Many of them already have a high standard of 
living and do not see any real future gain for themselves if others improve 
their own ways of 1 i fe--a i though they may not recognize these as their 
true feelings. It appears to be true, as we have already indicated, 
that many in the upper middle class are "spending more and enjoying it 
less"; also there are many other legitimate and illegitimate sources of 
their opposition to growth. But whatever the reasoning of the "haves" 
may be, the "have nots" would like to achieve a great deal more of the 
affluence they see before considering giving up their ambitions, and 
they are likely to be hostile to those who try to stop them- -even if there 
is a qood case for doing so, and in their (and our) view the case is 
neither qood nor plausible. 

Indeed, we believe that our optimistic conclusions, set forth in 
previous chapters, on the outlook for energy, raw materials, food and 
near-term environmental issues are responsible and reasonable. But we 
do have our ambiguities and caveats, our fears and apprehensions about 
other aspects of progress--though they are not of the sort likely to be 
persuasive to the poor or even to most of the wealthy. Meverthel ess , 
there are issues on which we share some of the uncertainties and failure 
of nerve afflicting so many of the doomsday prophets --not to the same 
extent or in the same way. but we do have a basic empathy with some of 
their arguments and concerns. 
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The biggest difference between us and our opponents is in our conclusion 
that it is both safer and more rewarding to move forward with caution and 
prudence on the present course than to try to stop or even to slow down gener- 
ally. But we are not fully confident that the results of moving iahead, even 
with care and wisdom, will necessarily prove to be without danger; we are 
only convinced that the odds favor this course. Indeed, we would estimate 
the odds at five to one or better that all the serious long-term problems 
will be successfully dealt with in due course and at a cost that is 
acceptable in most people's judgments. We can only offer our best intui- 
tive conclusion, but we do not believe any other practical policy has a 
better chance for avoiding great tragedy. In other words, we are optimistic 
about the long term; we believe that in time society will be able to cope 
with any technological probl ems--and we are confident that there will be 
sufficient time, though not always enough to avoid all trouble. 

It is often suggested that adequate technology assessment (TA) studies 
should be required for any technical innovation before proceeding with com- 
mercial appl icat ions--that the burden of proof be placed on the people who want 
the innovation. It sounds reasonable to say that it is up to the innovator 
to prove that his innovation is safe, but there are some difficulties in 
this position. If as a general matter high standards of justification were 
set and enforced, many important projects would not get off the ground. 

Full and definitive TA studies of complex projects and phenomena are 
often simply not feasible. We have never seen an a prior? analysis that 
would justify the conclusion: "Let's go ahead with the project; we 
understand the innovation and all of its first-, second- and third-order 
effects quite well. There can be no excessive danger or difficulties." 
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Indeed, manv times the people looking for second-, third- and even 
fourth-order effects have often seriously erred about the first; in any 
rase, they usually cannot establish the others with anv certainty. For 
example, most of the 1 imi ts-to-qrowth studies discussed in earlier 
chapters have many first-order facts wronq — a reveal inq sample of how 
difficult the problem is. 

None of the above is meant as an arqument aqainst doing TA studies. 

On the contrary, in many cases much will be learned from such studies. 

But one cannot expect them to be complete and reliable, and placing too 
great a requirement on innovators to do such studies can become an 
expensive way of doing less; it entails all the problems and disutilities 
of excessive caution and of slowing down innovation in a poorly designed-- 
and often capr ic ious--manner . 

The two basic kinds of innovative mistakes are those of commission 
and of omission. The first is illustrated by the DDT experience, which we 
discussed in the previous chapter, and by the cyclamate episode. In 1370 
cyclamates--sweeteners used as sugar substitutes — were banned by the II. S. 
Food and Drug Administration because rats that were fed heavy doses during 
most of their lives developed bladder cancer. However, the FDA ban has 
recently been called into question because it was based on studies in 
which cyclamates were used in combination with other chemicals. In addi- 
tion, subsequent studies have not corroborated the original findings. Not 
only did this deprive numerous persons suffering from diabetes and hyper- 
tension of a direct medical benefit, but it also cost food and soft drink 
manufacturers an estimated S120 million. In this case the mistake of 
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commission swamped the potential cost of a mistake of omission. In choos- 
ing between avoiding a clearly perceived danger by doing something and 
avoiding a less clearly perceived--though potentially much greatei — danger 
by deciding not to do something, society usually does prefer the former. 

The mistake of omission can be illustrated by considering what might 
happen today if a firm tried to get aspirin accepted as a new product. 

It is known that even a small amount of aspirin can create stomach or 
intestinal bleeding, and in some persons larger amounts can cause ulcers 
or other serious side effects. Furthermore, we still know very little 
about how aspirin operates. Thus one could argue rather persuasively 
that if a pharmaceutical company tried to introduce aspirin now it would 
fail to pass the standards. And yet, because of its effectiveness as 
a cure or palliative for so many ailments, it is probably one of the most 
useful drugs available. Indeed, there is now a good deal of argument that 
the FDA is causing more harm by excessively slowing down the introduction 
of new remedies than it would if the rules were relaxed a bit. 

As another example, let us assume that the U.S. authorities had made 
a TA study of the automobile. Assume also that this study came up with 
an accurate estimate that its use would result eventually in more than 
50,000 people a year being killed and maybe a million injured. We think 
it is quite clear that if this study were persuasive, the automobile 
would never have been approved. Of course, some now say that it never 
should have been. But we would argue that society is clearly willing to 

JL ' "" ' ' " ' ' 1 1 " " " 

See "FDA Rapped for Delay on New Drugs," Science , Vol . 189, No. 4026, 
12 September 1975, p. 864, reporting a study by two University of Rochester 
pharmacology professors. 
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live with this cost, large and horrible as it is. In Bermuda, which 
restricts drivers to 20 miles an hour, there are almost no fatal acci- 
dents except with cyclists. On Army bases, which restrict speed to 15 
miles an hour, fatal accidents are unknown. Similar speed limits could 
be introduced in the United States but legislatures choose not to. 

50,000 deaths a year are preferred to such drastic restrictions on 
driving speeds. In fact, the recent nationwide reduction to a maximum 
speed of 55 miles an hour to save gasoline clearly saved many thousands 
of lives a year, but there is little pressure to go further in this 
d i rect ion. 

Another problem with technology assessments is that even a 
good TA would not have made a satisfactory prediction of the impact of 
the automobi le--that is, on the one hand predicting the accident rate 
and related first-order difficulties, and on the other what society would 
be willing to accept. And it is even less likely that the TA would have 
foreseen accurately many of the secondary impacts of the automobile on 
society (just to take a small example, recall the influence of the automobile 
on sex mores in the 1920's and 1930's, or the role of the U.S. automobile 
industry in helping to win World War II). 

This is precisely the question that concerns us: Every technology assess 
ment study depends on having reasonable data, theory and criteria available, 
and all are unreliable and quite limited in practice. Perhaps 100 or 200 
years from now, man will both analyze and control his future much better 
than at present; thus it seems plausible that there may be fewer problems 
of misunderstood or inappropriate innovation two centuries from now. And 
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especially if man has been dispersed throughout the solar system in 
independently survivable colonies, there would be a much smaller possi- 
bility of doomsday. Moreover, if such a disaster were to occur on earth, 
it probably would be through politics or bureaucratic mistakes associated 
with war, rather than inexorable or accidental physical processes leading 
to total catastrophe. 

It is easy and even tempting to many people simply to ignore the 
costs and moral issues associated with mistakes of omission. Indeed, 
most people might prefer being responsible for a mistake of omission 
than one of commission, even if the latter were much smaller. This is 
particularly true, as we have pointed out, if one has been raised in an 
upper-middle-class environment and has achieved a comfortable status. 

But most of the world is not satisfied with the economic status quo. It 
is important for these people to move forward; they are willing to accept 
great costs if necessary and to take great risks as well in order to 
improve their economic status. They want aspirins and automobiles, what- 
ever uncertainties and terrible costs may be associated with them. On 
the other hand, the major pressures to retard economic development 
and technological progress in many parts of the world are for safety- 
safety from the environment, safety from the possibility of outside 
intervention, safety from internal political unrest, and safety from 
accidental disturbance of natural balances in the forces of nature. 

Some Difficult and Relatively Emotional Issues 

Some years ago, after nuclear testing first began in the Pacific, 
the debate began about the acceptability of subjecting people to the 
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threat that these tests could cause bone cancer or leukemia. The main 
question was whether this possibility was sufficiently large to justify 
suspending further testing. Almost everybody at that time accepted the 
assumption that every megaton of fission yield would probably cause 1,000 
new cases of bone cancer or leukemia worldwide. Because this increase 
might not actually be detectable in the incidence of these diseases, 
many people argued that the harm was negligible. Others argued that no 
one would test the bomb with even one person on the island if it meant 
killing this person. What then gave anyone the right to continue test- 
ing just because the deaths would be anonymous? It would appear that 
more willingness exists to accept deaths which are not traceable to 
specific causes, but only when we cannot clearly identify the victims 
ahead of time--and thereby possibly prevent those deaths. 

It is simply a truism that most activities in our society have a 
finite chance of resulting in some death. For example, it was once a 
rule of thumb that, on the average, every $1 million worth of construc- 
tion resulted in the death of one worker; this appalling ratio has decreased 
dramatically until now it must be something like one worker per $100 mil- 
lion in construction. But obviously this expectation does not stop us from 
putting up buildings, even of the most frivolous kind. The same principle 
is involved in an example cited earl ier--society 1 s unwillingness to lower 
the death rate in traffic accidents by reducing speed limits. It is not 
a sufficient answer that in the case of the automobile one voluntarily 
accepts the risks to which he is subjected. There are many people who 
would like to curb the automobile but who nevertheless run the same 
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risk of accident as those who oppose curbs. In our view, there is 
nothing intrinsically immoral about society subjecting its citizens to 
this risk when a majority have evidently concluded that the benefits out- 
weigh the risks and the risk is of a more or less customary sort. 

Another important issue arises when the damages are spread out over 
time--an issue that was long misunderstood partly because of a misleading 
theory of the English biologist J. Haldane. According to his theory any 
negative genetic mutation was bad, but minor mutations could ultimately 
cause more damage than lethal mutations. The argument went as follows: 
Assume a fixed population. Assume that a parent with a defective gene 
passes it to one of his children. Thus every defective gene, if 
it does not result in premature death, is transmitted to an individual in 
the next generation. If the gene is lethal, it results in immediate death 
in the next generation and the matter is finished; there is no further 
inheritance. If the gene is not lethal but has a tendency to cause colds, 
then this gene can be passed on for many, many generations until eventually 
it will cause a cold in the bearer at a time when catching a cold tips the 
scales against the bearer and causes him to die. Then, of course, the 
gene would no longer be passed along in the future. Notice what is involved 
here. The lethal gene caused an immediate death and was finished. But 
not only did the less lethal gene also cause death eventually and with 
mathematical certainty, but along the way it resulted in much damage, giving 
many people colds over many generations. Therefore, according to Haldane's 
theory, if anything, the nonlethal mutated gene caused more damage than 
the lethal mutation. This is certainly mathematically correct, but it 
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ignores such issues as time -discounting and rate of occurrence, both of 
which should be added to the analysis when the damage is spread over many 
generations. It is difficult for most people to understand this concept 
because they often interpret it to mean that the damage is more tolerable 
because it is our grandchildren, not we, who will bear it, ari inference 
which appears to be the height of irresponsibility. As a result, many 
scientists have come to the improper conclusion that damage spread out 
over time is just as bad as damage which occurs in one generation. 

But consider the following counterexamples: Imagine that society must 
choose between four situations: 0) 100 percent of the next generation 
would be killed; (2) 10 percent of the next 10 generations would be killed; 
(3) 1 percent of the next 100 generations would be killed; and [b) a tenth 
of a percent of the next 1,000 generations would be killed. In the first 
case, one has an end of hi story— everybody is dead. In the last case, great 
damage occurs, yet it is scarcely apparent because it is spread out over 
such a long period of time and among so many people. Clearly the first 
choice is intolerable;, the fourth, while tragic and nasty, could certainly 
be better tolerated under most circumstances-- indeed, in many situations 
similar to the fourth case, we could not measure tne damage or prove that 
it existed. Any analysis of the difference between the first and fourth 
, i tuat ions must take account of this spread over time, even though the 
total number of people killed is exactly the same. 

This example is applicable to many of the environmental problems we 
should consider, such as the disposal of radioactive wastes and various 
toxic chemicals, both of which entail the remote possibility of an 
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accident to some unknown group of people in the distant future. It also 
applies to many of the issues involving genetic damage of one sort or 
another, in which the injury may be shared by many generations or be 
inflicted on future generations. 

One last point is almost frivolous and we would hesitate to mention 
it if it did not come up so often. If there is a constant probability 
of some random event occurring, then no matter how small the probability, 
sooner or later the event will occur. This is an accurate but insignifi- 
cant observation because the underlying assumptions and conditions practi- 
cally never happen. It is similar to noting that exponential growth will 
not continue indefinitely because of the finite character of the earth, 
solar system or galaxy. Since we know that in reality exponential processes 
cannot be sustained, the question is simply what causes such curves to turn 
over, when this is likely to occur and what happens when they do. Similarly, 
what about the argument that we must be disaster-prone because so many of 
our activities carry with them some small probability of causing catas- 
trophes? One reply is that conditions are changing with extraordinary 
rapidity and the problems we associate with present activities may have 
little or no validity in the long term. In fact, this may be particularly 
true of such things as genetic damage caused by radiation or chemical 
pol 1 ution--or by pollution generally. It seems quite probable that, 
within a century or so, society will be able to prevent such damage, and 
that calculations of accumulated damage 10 to 100 generations from now will 
probably turn out to be irrelevant. In fact, it is a major theme of 
this chapter that most predictions of damage hundreds of years from now 
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end to be incorrect because they ignore the curative possibilities 
inherent in techno loq i ca 1 and economic progress. Of course, this reason- 
ing would not apply to a world in which technological and economic progress 
were halted, but we do not consider that a likely possibility. 

Let us now, in the remainder of this chapter, discuss briefly some 1 
of the specific issues which concern us all, neo-Ma 1 thus i an as well as 
s echnology-and-growth advocates. We do not expect to settle any of these 
issues--only to formulate and illustrate some of the concerns. Some 
of the possibilities set forth are probably very real; in any case, no 
one can say now that certain events would not occur. But at the same 
lime no one can show, in a rigorous and documented way, that they will be 
as important and danqerous as some of the publicists and experts claim-- 
or even that they will exist (as opposed to being potential matters of con- 
cern to any prudent individual). Their "realities" are largely unknown 
quantities, particularly given the fact that these problems are almost 
all in the future and that future progress might very well remove most of 
the dangers or costs. And while some would argue that we should choose 
the "safe" no-qrowth strategy now, they overlook the enormous costs and 
risks involved in slowina down or making innovations more difficult. 

We will begin with perhaps the most discussed issue of all--the 
dangers of unrestrained exponential growth. The literature is filled 
with predictions of the sensational consequences that could result from 
such continued qrowth. For example, a 3 percent annual growth in energy 
consumption could liberate enough heat to cause the oceans to boil after 
about 350 years. A less extravagant calculation assumes a stable world 
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population in the year 2100 of 20 billion, each consuming an average of 
three times as much energy as the average U.S. citizen consumes today-- 
which, with today's technology, would release heat roughly equal to 1 
percent of the solar energy at the earth's surface (about 10 times that 
projected in Chapter 3). Initial calculations indicate that the average 
global temperature would increase 4 to 6 degrees Fahrenheit and the aver- 
age temperature at the poles might increase as much as 20 degrees Fahren- 
heit. The Arctic Ocean ice pack might permanently melt, but this condi- 
tion would not markedly increase the level of the oceans since the Arctic 
Ocean ice is a floating mass. If the Greenland and Arctic ice caps also 
dissolved over a period of centuries, substantially raising the level of 
the oceans, this would hardly mean the end of human society. Major shifts 
might be forced in agricultural areas and in coastal cities. On the other 
hand, a warmer average temperature might bring into production huge agri- 
cultural areas in Canada and Siberia. No one knows whether desert areas 
such as the Sahara or the Austral ian outback would increase or decrease in 
size. In any case, energy use at such a rate, if feasible at all, is more 
than a century away. Most importantly, however, these calculations ignore 
the likely increase in the efficiency of the generation, conversion and 
use of energy a century or two from now, which, according to our conserva- 
tive estimates in Chapter 3, would reduce the heating by a factor of A-- 
and to the extent that various forms of solar energy are used, the heat 
generated would be even less. Once these factors are taken into account 
in the analysis, the likelihood of any of the dire events discussed above 
just about disappears. 
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Paradoxically, some scientists have indicated that the earth will 
end to cool in the near future; in fact, some have warned of an oncoming 
glacial period. It is tempting to speculate that a very sophisticated 
approach to the future climate would permit mankind to balance natural 
orces with his own activities to maintain indefinitely the global heat 
talance and the earth's average temperature; but it is necessary to 
improve substantially the simulations and calculations of natural heat- 
balance changes as well as the effects from man's activities in order to 
tchieve a sufficient understanding of these phenomena. And there would 
eem to be plenty of time to do this--and even to take corrective action 
if necessary. 

Of primary importance to mankind is the maintenance of reasonable 
iroportions in the chemical constituents of the biosphere--especial ly 
>f the atmosphere. The oxygen content of the atmosphere has been balanced 
or over a billion years through various factors: production by photo- 
synthesis, and consumption both by the oxidation of minerals exposed 
through weathering and by the oxidation of carbon through decomposition 
>f plants. Recently, concern has been expressed that this oxygen 
balance is a delicate one-- for instance, that a large spill of a hypo- 
thetical biocidal chemical or some new disease might kill enough green 
plant life to cause a small drop in the production rate of oxygen. The 
consequent lowered concentration might permit a larger amount of lethal 
ultraviolet light to reach the earth's surface, further stifling photo- 
synthesis. Such a cycle mi got continue until there was very little 
oxygen left in the atmosphere and thus very little life left on earth. 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/06 : CIA-RDP79M00467A0002001 5001 9-4 


209 

On the other hand, many plants are protected against lethal ultraviolet 
rays, and it is hard to imagine a biocidal chemical --or even a new bio- 
logical d i sease-- spread i ng to such an extent as to rival the expansion of 
the glaciers, which caused no noticeable change in the oxygen concentra- 
tion of the atmosphere. Thus concern over the oxygen cycle seems prema- 
ture , if valid at all. 

The atmosphere's carbon dioxide content, however, will remain a closely 
watched potential threat for some time. Since roughly 1850, a rapidly increas- 
ing use of fossil carbons in the combustion of petroleum, natural gas, and 
coal has led to a steadily increasing concentration of carbon dioxide ( C0 2 ) 
in the atmosphere. This increase in CO^ conceivably has one main effect-- 
the trapping of long-wave infrared radiation from the surface of the 
earth, which tends to increase the temperature of the atmosphere. The 
observed increase in average global temperature of about 2 degrees 
Fahrenheit between 1850 and 1 940 was attributed to this cause. However, 
since 1940 the average global temperature has decreased about half a 
degree Fahrenhei t--a decrease attributed to the presence of soot in the 
atmosphere from industrial emissions, even though these emissions have 
been falling in recent years. It is very likely that the CO^ concentra- 
tion of the atmosphere will increase about 15 percent by the year 2000. 

This might cause an increase in the average global temperature of 1 to 
2 degrees Fahrenheit. It has been calculated that a doub 1 i ng of the 
C0 2 content would lead to an increase in average temperature of 4 to 
6 degrees Fahrenheit, but it seems unlikely now that the carbon dioxide 
content will ever double unless mankind wants it to happen. Consequences 
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of such increases in concentration cannot be reliably predicted today; 
in 50 years or so, such predictions might be routine. In any event, a 
carbon dioxide catastrophe does not appear to be imminent. 

Another claim of possible long-term damage is related to the use of 
nitrogen fertilizers. There is evidence that the heavy application of 
chemical fertilizers to the soil, while increasing total! crop production, 
leads to lower efficiency in the utilization of soil nutrients. The 
noted environmental scientist Dr. Barry Commoner believes that nitrate 
fertilizer fails to rebuild the humus in the soil. He argues that the 
excess nitrate is leached from the earth, washed to the rivers, and 
ultimately to the lakes and oceans where it stimulates eutrophication. 

And, whether or not this is the cause, the eutrophication or clogging 
of lakes by overgrowth of algae is undoubtedly a problem in the water- 
ways of most industrialized countries. In addition. Dr. Commoner suggests 
that excessive nitrates get into water supplies and food and that nitrate 
and, in some cases, bacteri al -produced nitrites can lead to poisoning 
of humans, particularly infants. 

for these reasons, Commoner believes that the present stress on 
nitrogen fertilizer has already produced important environmental hazards 
and carries the risk of serious medical dangers. He considers corrective 
measures urgent, and in his view, this would mean the limitation of the 
use of nitrogen fertilizers in agriculture, as well as the control of 
automotive emissions of oxides of nitrogen. The problem of automotive 
emissions may be solved by advanced engines or improved fuels. But if 
agricultural yields were decreased by limits placed on the use of 
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nitrogenous fertilizers, there could be severe effects on food supplies 
for the world's population. Most agricultural scientists seem to disagree 
with Dr. Commoner's arguments and conclusions. Again, there is no immediate 
threat to life itself, but certainly the nitrogen cycle should be researched 
and in any case bears watching. Even if these arguments are found to be 
correct, and no technological correction were possible, we believe that 
the world would accept a small increase in the death rate and the other 
attendant problems rather than suffer the consequences of a catastrophic 
decrease in food production. 

Regarding the highly toxic chemical compounds containing heavy metals 
such as mercury, lead and arsenic, it appears to be clear that dangerous 
concentrations of these elements can be controlled. For instance, the 
mercury scare of the early 1970s led to stringent control of the release 
of mercury into waterways, and at present there appears to be little sig- 
nificant danger from that element to the general population. Similarly, 
the other toxic chemicals almost certainly can be adequately controlled 
whenever they appear to be posing a threat to the general health and 
wel fare . 

One of the primary roles of the atmosphere is to shield life on earth 
from the deadly ultraviolet rays of the sun. Most of this protection is 
afforded by the ozone, a gas formed by the interaction of sunlight and 
oxygen. Ozone happens to absorb ultraviolet light, thereby preventing 
most of the ultraviolet rays from penetrating to the earth's surface. 

We now know much more about ozone and uppei atmosphere reactions thanks 
to the debate over the supersonic transport (SST) and its effects on the 
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stratosphere. The Department of Transportation and the National Academy 
of Sciences have recently published extensive reports containing the 
latest scientific evaluation and analysis of upper-atmosphere conditions 
a rid reactions. Both indicate that the main threat to the ozone layer 
from a fleet of SST's would be from the nitrogen oxides produced by the 
high- temperature reaction of atmospheric oxygen and nitrogen in the 
turbine engines; water vapor, sulfur dioxide and particulates formed 
bv the engines may also interact with the ozone layer. Even so, it is 
doubtful that a SSI fleet in daily operation throughout the world would 
have a noticeable cumulative effect. Certainly, once more, careful 
monitoring is in order to determine if there might be a problem. 

The investigations revealed a new problem, however. Scientists at 
Harvard suddenly realized that freon, used widely in aerosol sprays, 
seems likely to rise slowly but surely from the surface of the earth 
into the stratosphere, where it may be split by sunlight, releasing 
free chlorine. The chlorine can react with the ozone, leading to some 
depletion of the protective layer. Calculations seem to show that the 
amount of freon already released into the lower atmosphere will contribute 
to a Decrease in the ozone concentration during the next several decades. 
The question then is, at wnat point will the decreased ozone allow suffi- 
cient ultraviolet light to reach the earth and cause a significant threat 
to plant, animal and human life? Again the answer is still unknown. In 
certain circumstances, sunlight can cause skin cancer. Adding to the 
complexity of the situation is the fact that higher than normal amounts 
of freon have been detected in the snows of Antarctica, suggesting that, 
some of the Freon is frozen out once it is brought to the South Pole by 
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atmospheric circulation. Certainly the freon problem represents another 
case for extensive monitoring and analysis--a program now under way. 

Another potential threat to the ozone layer and to the heat balance 
of the earth are clouds produced by high-altitude aircraft, both regular 
and supersonic. Some measurements have indicated an increase in cloudi- 
ness over the earth already. Besides interacting with the ozone, possibly 
a minor effect, clouds have two effects on the heat balance of the earth: 
they reflect solar radiation, and they decrease the outgoing terrestrial 
radiation at the top of the atmosphere. The first effect lowers the 
temperature of the earth's surface; the second raises it. Current calcula- 
tions indicate that a one percent change in skycover would have a negligible 
effect on the temperature of the earth's surface, if the clouds now reflect 
half of the earth's outgoing radiation. Additional calculations are in 
progress. 

Another threat, and one that could conceivably be of the sudden- 
death variety, is related to possible genetic changes. For example: 
very recently, a group headed by Stanley N. Cohen at the Stanford 
University School of Medicine was able to combine genetic 
information from two different sources into a single biologically 
functional DNA molecule. In other words, this group successfully 
carried out some rather advanced and potentially very powerful genetic 
engineering and manipulation. In fact, they were able to combine 
part of the genes of a bacterium with the genes from a toad. They 
called the results "chimeras" because conceptually they were similar to 
the mythological chimera, a creature with the head of a lion, the 
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body of a goat and the: tail of a serpent. These research workers (and 
others) were so alarmed bv their own success that they formed a group 
in the National Academy of Science that sought voluntary deferral of 
potentially hazardous experiments involving recombinant ONA molecules. 
For instance, one might be able to develop a bacterium which could 
produce a disease with no known antibody, thereby causing a catastrophic 
threat to life. This research is continuing under rigorous standards 
for public and environmental safety. It is an area fraught with both 
potential benefits and potential harm, and very careful research would 
appear to be justifiable on balance. But it is also a grey area-- 
and the question arises as to who should be balancing potential effects 
and making decisions. Because of the dangers involved, some have 
suggested that future research of this kind be carried on in earth- 
orbiting laboratories, when these become feasible, or in other highly 
controlled and isolated environments. 

The reader can see, even from the limited number of issues presented 
above, that concern and prudence are indeed warranted. The more one is 
involved in such studies, the more one tends to develop a sense of the 
’fragility" of the environment, but it is also worth noting that this 
sense can be misleading. We have already experienced many disasters arid 
strains in the earth's history. In fact, it is less than 10,000 years 
since the last ice age. Furthermore, man's impact normally is much less 
than that of natural forces and processes. Finally, both the 
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environment and most ecological systems; must be tough and largely self- 
correcting or self-healing; otherwise, neither would have survived to 
date . 

It may yet turn out that future man will marvel at the paradoxical 
combination of hubris and modesty of 20th-century man, who, at the same 
time, so exaggerated his ability to do damage and so underestimated his 
own ability to adapt to or solve such problems. Or it could be that 
future man, if he exists, will wonder at the recklessness and callousness 
of 20th-century scientists and governments. 
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Chapter 8 

FROM PRESENT TO FUTURE: THE PROBLEMS 
OF TRANSITION TO A POSTINDUSTRIAL SOCIETY 

We have a difficult task in this chapter. At this point, we hope 
the reader is at least aware of our various arguments that any limits 
to growth are more likely to arise from psychological, cultural or social 
limits to demand, or from incompetency, bad luck and/or monopolistic 
practices interfering with supply rather than from fundamental physical 
limits on available resources. Thus, as we imply by the title of this 
chapter, most of our basic concerns about the long-term future should 
not be on the technological issues already discussed (with the excep- 
tion of long-term environmental problems) but on the issues on which 
wrong decisions are more likely to be made, in part because they are not 
understood and in part because they are genuinely uncertain and/or 
intractable. Even with excellent leadership and good luck, the outcomes 
can vary enormously. 

Basic Current Directions and Context 

It seems to us that we can best focus our discussion by introducing 
what we call the basic, long-term "multifold trend" of Western culture. 
This is a set of interacting trends, many of which go back almost 1,000 
years, which together seem to us to represent the most basic tendencies 
in the evolution of Western cul ture--and, especially since World War II, 
in much of the rest of the world. 
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Examininq what have been thought of as the larqely desirable aspects 
of this trend qives a reasonably good idea of what has been meant by 
the term "progress" in the last 200-300 years. It is interesting to 
realize that at most times in the last 1,000 years elites in various 
Western subcultures would have been horrified at many of the developments 
that were to take place in the "next 200 years." While there is some 
reason to believe that this will be less true of our generation, it 
would be surprising if the rule did not hold for us--alnost certainly 
lor some developments, perhaps for most. However, what we call the 
"topping out" phenomenon may limit the kinds of change we in the United 
States would find most ob ject ionabl e--that is, in certain areas (crime., 
violence, drugs, promiscuity, etc.) we expect a reversal of oast tendencies 
Lo beqin very soon. 

the basic elements of this multifold trend are outlined below. The 
reader will note that some of these points have emerqed in our discussion, 
in earlier chapters, of the various issues facing the world. 

!. Declining role of traditional and "intuitive" (that is, 
common sense) behavior and increasing role of explicit, 
manipulative rationality and social engineering applied 
to social, political, cultural and economic issues as 
well as to snapinci and exploiting the material world. 

Increasing importance of theoretical and academic formu- 
lations and knowledge as opposed to experience and on-the- 
job training. Also, and perhaps inevitably, increasing 
problems of ritualistic or pseudorationality and educated 
incapacity, as well as various reactions against rationality. 

?. Increasingly sensate (that is, empirical, th i s-wor 1 d I y , 
secular humanistic, pragmatic, manipulative, explicitly 
rational, utilitarian, contractual and hedonistic) 
culture; recently an almost complete decline of the 
sacred and morally binding, and a relative erosion of 
widely accepted taboos and totems; some current signs of 
limited "romantic," mystic, transcendental or religious 
counterreact i ons . 

5 • A^ird^(!i¥dPfteT(la^ 9-4 

increasing use of this knowledge as man s most basic 
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resource and a resulting increasing independence of 
geography and limited local resources. 

k. Increasing affluence and (recently) increasing leisure and 
a revolution of "rising entitlements" as well as rising 
expectations; both the rich and the poor tend to get richer, 
almost everywhere. 

5. The rise of bourgeois, bureaucratic, technocratic and 
"meritocratic" elites and specialists; growth of impersonal 
organizations and institutions; lessened dependence on 
familial and communal institutions. 

6. Institutionalization of economic development and technological 
change, especially investment, research and development, 
innovation, and technological and institutional diffusion; 
recently an increasingly conscious emphasis on synergisms 

and serend i p i t i es ; even more recently, a loss of nerve and 
growing opposition among upper-middle-class elites to so 
much "forced" rapid change, but much less opposition by 
various traditionalist groups in non-Western societies. 

7. Worldwide industrialization and modernization; also growing 
concept and realization of a world ecumene (but ecumene not 
community, "world city" not "global village," and "world 
market" not "marketpl ace") --that is, impersonal and business- 
like interactions as opposed to the close human ties 
implied by the words "community," "village" and "market 
place"; but also a growing, if still fragile, sense of 
"world public opinion" and of shared responsibility 

for all human be i ngs . 

8. Increasing capability and oppor tun i ty--both private and 
national — for violence and destruction; growing tolerance 
for terrorists and politically motivated violence and 
those who support such activities. 

9. Population growth--now explosive but tapering off; economic growth 
also explosive but may even increase a little before tapering off. 

10. Urbanization and recently suburbanization and urban sprawl; 
soon the growth of megalopol i --that is, increasing movement 
to urban-suburban areas as opposed to rural; decreasing 
densities within these areas; partial merging and overlap 
of once separate urban areas. 

11. Decreasing importance of primary and (recently) secondary 
occupations and goals; soon a shift from tertiary to 
quaternary occupations and goals; eventual emergence of 
post industr i a 1 economy, institutions, and culture. 

12. Recent emergence of superindustrial economy and resulting 
dominating character of its impact on the social and 
physical environment. 
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S3- Increasing literacy and role of mass formal education; recently 
the "knowledge industry" and increasing numbers and role of 
intellectuals and of decision-making and attitudes based on 
secondhand knowledge (for example, books of lectures and 
staff reports) as opposed to direct personal experience. 

Nk Future-oriented thinklnq, discussion and planning; recently 
some improvement in methodologies and tools--also some 
retrogression in the general level of discussion and even 
by futurologists. 

15. Increasing universality of the multifold trend--but an 
increasingly fell: need for national, ethnic, communal or 
other croup differentiation and identification. 

16. For 1,000 years, a more or less increasing tempo of change 
in all of the above; but perhaps a slowing dov/n in next two 
or three decades--at least in some areas. 


Listing the elements separately leads us into some arbitrary and 
artificial distinctions arid categories, but one could think of this multi 
fold trend as a sinqle entity, the various elements overlapping, reirrForc 
i ng and changing each other. Every element is both a driving force and 
a consequence (although some should be viewed more as one than the other) 
While the multifold trend as presented is more applicable to Western 
culture than to the world as a whole, it is becoming increasingly univer- 
sal . 


We have already emphasized that we do not expect the road to the 
year 2000, much less 2176, to be smooth. There are lots of wiggles and 
reversals in the basic trends. Our studies have identified almost 70 
separate problems which we call the "1985 Technological Crises" (see 
Table 17); we expect that some of these will be dealt with well, but 
many will not be, The future may hold in store not only the 
familiar "four horsemen" Iwar, famine, plague and civil disorder), but 
more modern catastrophes as well. A useful analogy can be made between 
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1985 TECHNOLOGICAL CRISES 

IU 198 5 the Following Arras an; Likely 


to Give Rise to Special Technological Dangers 

1. Intrinsically dangerous technology 

2. Gradual worldwide and or national contamination or 
degradation of the environment 

Spectacular and/or multinational contamination or degra- 
dation of I he environment 
I. Dangerous internal political issues 
h. Upselling international consequence's 
0. Dangerous personal choices 
7. Bizarre issues 


I. Intrinsically Dangerous Technology 

A. Modern means of mass destruction 

B. Nuclear reactors fission or fusion 

G. Nuclear explosives, high-speed gas centrifuges, etc. 

19, Research missiles, satellite launchers, commercial air- 
craft, etc, 

E. Biological and chemical “progress” 

F. Molecular biology and genetics 

G. “Mind coni rol" 

II. New techniques for insurgency, criminality, terror or 
ordinary violence 

1, New techniques for counterinsurgency or imposition 
of order 

J. New serendipil ies and synergisms 

2 . Gradual Worldwide and/or National Contamination 

or Degradation of the Environment 

A. Radioactive debris from various peaceful nuclear issues 

B. Possible greenhouse or other effects from increased C0~ 
in the atmosphere, new ice age because of dust in strat 
osphere, damage to ozone layer, etc. 

C. Other special dangerous wastes--methyl mercury, PCB, etc. 

D. Waste heat 

E. Other less dangerous but environment degrading wastes 
such as debris and garbage 

F. Noise, ugliness and other annoying byproducts of many 
modern activities 

G. Excessive urbanization 

H. Excessive overcrowding 

I. Excessive tourism 

J. Insecticides, fertilizers, growth “chemicals,'' food 
additives, plastic containers, etc. 


•'I. Spectacular and/or Multinational Contamination 
or Degradation of the Environment 

A. Nuclear war 

B. Nuclear fed mg 

C. Bacteriological and chemical war or accident 

D. Artificial moons 

E. Supersonic transportation (shock waves) 
i\ Weather control 

G. Big “geomorphologieal” projects 

11. Million-ton tankers (Torre Canyon was only 1 1 1 ,825 tons) 
and million-pound planes 

I. Other enterprise or mechanism of ‘‘excessive” size 


I. Dangerous Internal Political Issues 

A. Computerized records 

B. Other computerized surveillance 

C. Other advanced techniques for surveillance 

D. Excessively degradable (or unreliably reassuring) central- 
ized capabilities 

E. Improved knowledge of and techniques for agit-prop and 
other means of ensiling disturbances 

F. Improved knowledge of, and techniques for, preventing 
disturbances 

G. Complex or critical governmental issues leading to either 
“technocracy" or “Caesarism" 

II, Nuclear weapons alTeci ing infernal politics 

I. Excessively illusioncd all itudes 

J. Other dangerous attitudes 

;>. Upsetting International Consequences 

A. Both new and “traditional” demonstration effects 

B. Technological obsolescence of “unskilled” labor 

G. New syndic! ics-o.g., coffee, oil, etc. 

I). Forced modernization 

E. Growing guilt feelings by many in wealthy nations— 
particularly among"! lie alienated or young 

F. I nex pensive and widely available “realistic” communica- 
tions and physical travel 

G. Accelerated “brail) drains” 

II. Cheap (synthetic - ?)' food 

I, Cheap educal ion 

J. Control and exploitation of the oceans, space, moon. 


B Dangerous Personal Choices 

A. Sex determination 

15. 01 her genetic engineering 

G. Psychedelic and mood-affecting drugs 

1). Electronic stimulation of pleasure centers 

E. Ollier method of sensual satisfaction 

F. Excessive permissiveness and indulgence 

G. Dropping out and ot her aliennt ion 

II. Excessive narcissim or other self-regard 

I. Super-eosmelology 

•I. Lengthy hibernation 

7. Bizarre Issues 

A. Generational changes; e.g., extended longevity 
15. Mechanically dependent humans; e.g., pacemakers 
(’. Life and death for an individual; e.g., artificial kidneys, etc. 
I). New forms of humanity; e.g. .“live” computers 

E. “Forcible” birth cont rol for “impossible” groups 

F. 01 her external controls or influence on what should be a, 
personal or even institutionally private choice 

G. Life and death or other control of “outlaw” societies which 
have not yet committed any traditional crime 

II. Even the continuation of the nation-stale system 

I. Controlling and limiting change and innovation 

J. Radical ecological changes on a planetary scale 

K Internlanel arv contamination 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 


222 

the first half of the 20th century and our present situation. If anyone 
in 1910 had used the period 1890-1910 as a baseline and applied current 
techniques to make projections for the next 50 years and restricted him- 
self to economic and technological variables, he would have made quite 
accurate long-term predictions (that is, as of I960), though he might 
have been off for much of the intervening period. Events such as two 
world wars, the Great Depression, bloody revolutions and many economic 
and technological innovations first caused lags in the curve of develop- 
ment and then produced a “catching up" phenomenon. The forces behind 
technological and economic growth had a surprising staying power and inten- 
sity that enabled them to make up in prosperous years for deviations from 
basic trends in troubled ones. This suggests that the trends disclosed 
during the period 1890-1910 were relatively basic, and that much of the 
rest of the first half of the 20th century was “aber ran t“--a position 
we would accept. 

We are not arquing that this basic trend in economics and techno- 
logical variables will continue i ndef i n i tel y--qu i te the contrary, as we 
have seen in the S-shaped curves we have projected for population and 
economic qrowth. But we do believe it will continue, even if it is 
with the "topping out" and other modifications indicated. 

It is most useful at this point to concentrate first on the next 
decade or two, for which we have a fairly good concept of what might 
happen, and then treat the later years in more general terms. The short- 
term projection given below essentially assumes a satisfactory recovery 
from the current recession, a relatively successful control of inflation 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06^ : CIA-RDP79M00467A0002001 5001 9-4 


and a reasonably stable world political order. And, as always, it also 
assumes that there is no catastrophe sufficiently large to change drasti 
cal 1 y the basic multifold trend. Looking, therefore, at just the next 
two decades, we would assume the period would be marked by the following 

features : 


1. A basic change will occur in the character of the two 
fundamental curves of world population and GWP over- 
time. Both curves should pass through a point of inflec- 
tion (the population curve may have already passed through 
this point), so that from then on the metaphor of (world- 
wide) exponential growth will be increasingly misleading. 

2. Barring extreme mismanagement or bad luck, the period 1976- 
1985 should be characterized by the highest average rate 
of world economic growth in history, perhaps 6 percent, 
though by 1 985 or soon thereafter the slowdown of the upper 
half of the distorted S-shaped curve should begin to be 
felt. At least for a while, an increasing emphasis is 
likely to be placed on monetary problems, commodity issues 
(including food, energy and resources) and neo-Mai thus ian 
concerns--and, of course, some possibility exists of a 
renewed depression. Some of the more historically 
significant themes of this decade seem likely to be: 

a. The demographic or GWP transition of #1 above. 

b. An unprecedented period, worldwide, of economic 
growth, world peace, capital movements, world 
trade, tourism, etc. --but as in the previous 
Belle Epoque (1901-1913) also a period. of anar- 
chistic movements, terrorism, fin de siecle 
feelings and many "tolerated" excesses. 

c. The relatively full emergence of the super i ndustr ia 1 
economy (which is also an emerging post i ndustr 1 al 
economy) . 

d. A decade or two of technological crises (and of 
technological solutions). 

e. The end of the post-World War II system politi- 
cally, economically and financially. 

f. A decade of institutional crises (and of new 
developments and institutions to cope with these 
cr i ses) . 
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q . A (troubled?] period of value/attitude trims i t ions . 

h. The continued emergence of East Asia (or of the neo- 
Sinic culture) on the Asian and world staqes--but with 
Japan more likely than China to play the most crucial 
role, at least for a time. 

i. Nuclear proliferation (mostly clandestine and particu- 
lar'ly— -or soiely--in the Third World). 

j. The opening up of new sources of enerqy and other 
resources . 


3. An increasingly multipolar political world which should 

result in a steady and nearly complete erosion of World War 
II politics (Cold War; distinction among World War II vic- 
tors, losers and neutrals; colonization/decolonization 
issues; etc.), with the following possible consequences and 
developments. : 


j. More than 20 larqe nations that can be ranked 
in 1985 by GNP as follows (in billions of 1975 
dollars and with an estimated range of plus-or-minus 
20 percent around the indicated levels): 


$ 2,500 
1 ,200 

000 
450 

250 

1 50 

75 


United States 
Japan and U.S.S.R. 

France and West Germany 

Ch i na 

Canada, Italy, United Kingdom 

Brazil, India, Mexico, East Germany, Poland, 

and Perhaps Iran 

Netner I ands , Sweden, Belgium, Australia, 
Argentina, Saudi Arabia, and Switzerland 


b. Rise of Japan as an economic, financial and technolog- 
ical superstate (and soon afterward as a political or 
military superpower also). 

c. Full re-emergence of both Germanys (but with some 
critical political disabilities remaining). 

d. Emergence of France as the largest 

national economy (at least in terms of nominal 
"purchasing power" or GNP) in Western Europe. 

e. U.S. -Soviet strategic equality or possibly Soviet: strateg 
superiority, accompanied by a relative decline of 

both in power, prestige and influence. 

f. Possible Europe-wide security arrangements; possibly 
also a growing "Fin 1 and i zat i on" of Europe, or other 
tendency for Europeans to be excessively conciliatory 
to the Soviets. 
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g. Some degree of settlement or normal ization of national 
relations between the two sides of the three divided nations 
(Germany, Korea, China), but the persistence of a high 
degree of separate national identity and a refusal, 

on one or both sides, to recognize such separation in 
permanent legal and moral terms. 

h. A continued feeling that nuclear war, or even large 
conventional war, is unthinkable (the divided coun- 
tries, India/Pakistan, and Arab/lsrael could be 
exceptions, but even these confrontations may seem 
increasingly stable), but low-level violence, both 
official and unofficial, persists or even increases. 

i. An evolving European Economic Community (with perhaps 
a new role for France as the leading nation of the 
community); also a possible breakup of the current 
EEC. 

j. Possible creation of an East European EEC; most 
likely a growing independence of East European 
nations, perhaps even an explosive weakening 

of Sovi et control . 

k. The creation, at least ad hoc and perhaps even self^ 
consciously, of an economically dynamic Pacific TIA — 
perhaps similarly for a Western Europe-North Africa- 
Middle East-Central Africa TIA. 

l. Between 5 and 10 clandestine nuclear powers by the 
late 1 980 1 s (among the possibilities, Israel, Taiwan, 

South Korea, Pakistan, Iran, Egypt, Libya, Saudi 
Arabia, Brazil and Argentina). 

m. Many other new possibilities: new alliances, new 
arms races, a politically unified Europe, an intensely 
isolationist and/or nationalist U.S., a deeply troubled 
and perhaps inwardly oriented U.S.S.R., and a unified 
and aggressive communist Indochina, a communist Italy, 
a left-radical Iberian Peninsula, a left- or right- 
wing Japan, a business-oriented, revisionist China, 
new trouble spots and confrontations, a Persian 

Gulf dominated by Iran, etc. 

A. This economic and technological ecumene will set a context 
for further development of a unified but multipolar, 
partially competitive, mostly global and technological 
economy characterized by: 


Trading Investment Area--a group of countries who send and receive 
at least half their foreign trade and investments to and from each other. 
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a. A general understand i nq of the process and techniques 
For sustained economic development; also a worldwide 
capability for modern industry and technology, and 
the development (erratic and incomplete but still 
largely effective) of the necessary domestic and 
international institutions to sustain such economic 
growth. 

b A worldwide Green Revolution (including new tech- 
nologies) and enormous expansion in availability 
of enerqy ana mineral resources, but, for the next 
tew years, real difficulties in furnishing Food, 
energy and fertilizer to the poor at a reliably 
low price. Bv the end of the period, or even sooner, 
there should be, as a result of technological progress 
and huge investment (including the intensive exploita- 
tion of the Arctic regions, oceans and many other 
currently unexploited areas), a surplus (as compared 
to today) of energy, resources and commodities. 

e, Despite much hostility, a continuing, even growing 

importance of multinational corporations as innovators 
md diffusers of economic activity and as engines of 
rapid growth. 

d„ A great development of indexed contracts aind financial 
instruments and perhaps a renewed role for gold 
In the international monetary system (the latter 
nainly as a store of value and perhaps as numeraire), 
fhe special drawing rights will also be developed as 
a world currency, but will almost certainly fail to 
achieve full acceptance. General recognition of 
inflation and "poverty of affluence" as basic and 
primary problems that compete with the need for full 
employment and mitigating the downside of the business 
eye ie. 

e, Some development of "futurology ideologies" and the 
re i nvi gorat ion of the concept of "progress," as 
opposed to "limits to growth" and "gap" ideologies, 
but these will also thrive in some quarters. 

f. Sustained qrowth in international trade, communica- 
tions, travel, investment, etc., and high ( 3 ” 1 5 per- 
cent) GNP qrowth almost everywhere, especially in 
the "six dynamic areas" (Japan, "little neo-Sinic 
cultures,"* Eastern Europe, southern Europe, part 


South Korea, Taiwan, Hong Kong, Singapore, perhaps North Korea and 
both Vietnams, and, if there are not sizable political and security prob- 
lems, Thailand and Malaysia (respectively 10 percent arid 35 percent 
ethn i c Chinese) . 
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of Latin America, most OPEC countries). 

g. Increasing worldwide unity in technology, private 
industry, commercial and financial institutions, 
but relatively little unity in international legal 
and politlal institutions. 

h. Increasing problems of unemployment in less-developed 
countries and labor shortages in developed countries; 
some partial solutions such as development of both 
official and unofficial institutions to move the labor 
to the work and the work to the labor; also two-way 
"brain drains." 

i. Full emergence and partial solution or adaptation to 
many aspects of the 1985 technological crises. 

j. But little or no overall long-term catastrophes 
with environment, pollution or the scarcity of 
resources, though many temporary crises will occur 
and doubtless some regional catastrophes (particularly 
with respect to food or pollution). Some thalidomide- 
type catastrophes. Many false alarms--e. g . , the 
banning of cyclamates. 

Some acceleration, continuation and selective topping out 

of the multifold trend of Western culture: 

a. Particularly among upper-middle-class elites in 
the "Atlantic Protestant culture" there should be 
a continued erosion of the traditional societal 
levers, a search for meaning and purpose, some 
cultural confusion, ideological polarization, social 
conflict, growth of discretionary behavior, etc. 

b. Increasingly revisionist communism, capitalism, and 
Christianity in Europe and the Western Hemisphere, 
a continued crisis of liberalism, some persistence 
and even a new eruption of the counterculture. 

c. Popul ist, conservative, backlash, or "counterreforma- 
tion" movements. 

d. Increasing probl em worl dwi de of educated incapacity-- 
that is, illusioned, irrelevant, ideological or other 
impractical argumentation and attitude among intellectual 
elites, accompanied by greater emphasis on feelings 

and emotions among some of these. 


Brazil, Mexico, Colombia and perhaps others. 
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Further reaction to emerginq post indust r i a 1 economies 
in developed nations (with about 25 percent of world's 
population) and in enclaves elsewhere, includinq: 

1) "New"pol ' t i ca 1 milieus: continued great influ- 
ence of "humanist left" in at least the hiqh 
culture of developed nations (but particularly 
in the U..S. and the northwest tier of Europe), 
and also a conservative reaction and even a 
largely conservative counterreformat ion in 
universities and the hiqh culture. 

2) Emergence of "mosaic cultures" (at least in 
U.S.) incorporating esoteric, deviant, communal 
and experimental life-styles. Some increase in 
anarchistic behavior and movements. Further 
ideological and political development, as well 
as continued erosion, of the counterculture. 

3) Possible successful synthesis between old and 
new, especially in France, Switzerland, Japan, 

Singapore and some of the "Atlantic Protestant" 

a reais . 

k) Other developments of postindustrial societal 
institutions and post i ndust r i a 1 cultures. 

6. A relatively anarchic but also relatively orderly and 

unified world, but with new issues of domestic and inter- 
nat i ona I stab i 1 i l:y : 

a. Much qreater attention to basic human and emotional 
needs— e.q. . to the Chinese Communist guarantees (ade- 
quate food, clothing, shelter, health care, education, 
retirement and funeral expenses) and to Abraham H. Maslow's 
hierarchy of values and life goals (different emphases 

and priorities relative to one's affluence and state 
of safety) . 

b. Continuing growth in both desirable and undesirable 
discretionary behavior; corresponding worldwide "law 
and order" i ssues--poss ible unconventional or even 
bizarre use of terror, violence, subversion, unilateral 
changes in international rules. 

c. Possibility of some bizarre ad hoc countermeasures. 

d. Some trend toward separatist and regional ist movements 
in many formerly stable nation-states as well as 
postwar decolonized states. 
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7. Emergence of many new technologies in such areas as energy 
sources, transportation, pollution control, food production, 
communications, genetics, other biological and related 
sciences; and, perhaps equally important, fantastic increase 
in the capability of information-processing systems and auto- 
mation. 

8. Initial, but not necessarily successful, moves toward a 
huge expansion into outer space. Much should be learned 
about the likely possibilities for outer space — and if 
these turn out to be favorable, a basis laid for perhaps 
an explosive exploitation and colonization in the 21st 
century. 

9. Other important (both significant and insignificant) sur- 
prises and turning points. 

10. Last, the world will no longer be thought of as being 
divided into a rich OECD world composed mostly of Japan 
and Western cultures, a communist world, and a Third World. 
Instead the Comecon and OECD worlds and such areas as the 
little neo-Sinic cultures and some of the Persian Gulf 
countries will probably be lumped together as a highly developed 
world. Communist Asia will be considered a rapidly developing 
and quite successful culture, even though nominally with a 
relatively low GNP per capita (about $1,000 by the year 2000). 
There will be a relatively successful portion (about half) 
of the Third World which should attain about $2,000 per 
capita by the year 2000 and a still desperately poor group, 
mostly concentrated in the Indian subcontinent but including 
limited parts of Latin America and Africa, which could (with rea 
sonable policies) average about $200 per capita by the year 2000 


The Erosion of Traditional Societal Levers 

It is clear that the world of the immediate future will be confusing 
complex and very difficult to cope with. Among the features cited in 
this short-term projection that concern us most--and one to be considered 
a central issue for the transition, and possibly for the long term as 
well--is the erosion of the traditional societal levers and their replace 
ment by other values, both transient and relatively permanent. It is 
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primarily the upper middle class which has begun to experience this 
erosion at this point; perhaps three-fourths of the American people still 
share most traditional values. We believe, however, that the erosion 
may eventually affect tne rest of society. Most importantly, we do not 
believe that America will perform adequately if the children of the upper 
classes remain unsoc i a i i zed : Too much productive capacity will be lost, 
and too much damaqe will be done by them. But it we are correct and tra- 
ditional values cannot be restored, then new ones will have to be imported, 
invented and inculcated. It is optimistic to believe that this can be done 
easily and consciously. Values are not ordinarily created ex nihilo or by 
speeches, but are formed, like nations, by blood and history and by slow 
evolution and qrowth. To the extent that it can be done, however, the 
evolution of American values in certain directions should be encouraged. 
Some of these new values emerged in the eariy 19b0's in many pres- 
tige universities arid elsewhere. While these values were largely sub- 
merged during the middle and late 1960's, we believe that they can be 
revived and indeed the current "transition" and/or search for meaning 
and purpose seems likely to encourage them--pa rt i cu I ar 1 y in the upper 
and upper middle class (that is, the high culture). 

first among the possibilities is the graceful acceptance of afflu- 
ence. The U.S. is going to be enormous I y weal thy and must learn how to 
use its wealth without becoming satiated, disappointed or fashionably 
ant imater ial i st ic . It should learn to take certain everyday affairs 
seriously (without becoming obsessed with them) in order to avoid bore- 
dom, and to compensate for the fact that there may no longer be life and 
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death struggles to engage the emotions. Citizens must learn to be gentlemen 
and ladies who pass their time doing difficult— if not useful— things well. 

Perhaps such a life sounds unbearably petty, but this is the result 
of not having to fight barbarians, Nazis, famine or disease or to conquer 
the frontier. Conflicts like these may have added flavor to the past, but 
most people have always claimed that they would rather not have to fight for 
survival. in any event, hopeful 1 y, most such things are largely gone; though 
doubtless some threats will remain and even grow if they are ignored too 
much. In their relative (or seeming) absence, Americans must be like the 
Athenians, who loved gynmastics. If there was a war, they performed 
gymnastics to stay fit or order to fight. If there was peace, they had 
more time for gymnastics. Unfortunately, Americans tend to be more like 
the Spartans and Romans, who got into shape to fight anticipated wars, but 
tended toward sloth in peacetime and prosperity. The U.S. must learn the 
virtues of family life and conversation and social interaction with friends. 
Epicurean (in both the Greek and the modern senses) values will be vital 
to many if they are to spend leisure time at home without killing everyone 
in sight because of overfamiliarity and boredom. 

A primary problem will lie with government. If the developed world 
comes to seem relatively safe and affluent and if most of the remaining 
issues are regarded as conditions which may evolve over time but not as 
problems to be dealt with immediately, then governing may become an 
unchari smat ic, low-morale profession. There may be no great programs 
or crusades to attract people, but it will be just as necessary then 
as it is now to recruit intelligent and capable individuals into 
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government service. The l.S. will be a mature nation at last, and will have 
accepted the democratic ideal as far as is practical. Externally, some may 
choose to go adventuring in outer space or to the bottom of the sea, but 
most will be satisfied to become richer and seemingly safei — and enjoy 
these adventures vicariously. 

If government is to continue in such an environment, a class of 
people will have to be developed who serve because they know it is neces- 
sary to do so. Their model will be the English civil service, their goal 
will be maintenance and their motto will be the epigram of William, Prince 
of Orange: "It is not necessary to hope in order to act, nor succeed in 
order to persevere." Such men will most resemble the stoics who ran the 
Roman Empire for hundreds of years out of a sense of duty, while the rest 
of the populace pursued their private interests. There is, in fact, a 
group in the United States who already have these cha racter i s t i cs-- that 
is, many military officers, who are expected to separate themselves from 
their families, risk their lives and perform menial tasks in peacetime 
and who accept their duty like the soldiers they are. 

The Founding Fathers believed that a democracy was impossible where 
the people lacked the republican virtues, by which they meant moderation, 
self-discipline and modesty. We have attempted to suggest some of the 
rationale behind this position and how those virtues may be regained. 

How Safe_Wi_ll the Wor l d Be? 

We have used such words as "relatively" and "apparent" in dis- 
cussing our future safety. How realistic is this "apparent" safety? It 
should be understood that this impression of safety, whether correct or 
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not, can be powerful and overwhelm ing--at least for most of the military 
threats that might have been taken seriously in another era. Thus the 
Australian government recently announced that its defense planning would 
be based on the assumption that no serious confrontation or crisis was 
likely to arise in the next decade. To accept this assumption, one must 
believe that 13.5 million people would not be challenged in their occupa- 
tion of a cont i nent -s i zed area with abundant resources and would not need 
to defend their possession of these scarce resources. Indeed, much of 
the developed world generally thinks in terms of "free security," and 
little connection is made between defense efforts and feelings of security. 
Ask any citizen of Canada or the United Kingdom (or of many other nations) 
if he would feel safer if the national defense budget were doubled or 
in greater danger if it was halved. In most cases the answer would be 
no to both questions. 

Plausible as the Australian position may be, it has at least one 
serious defect. Such policies almost always lead to a further concept of 
"safe for the next ten years" as measured from a moving present. This 
allows for mobilization, if there is a serious perceived deterioration 
in international affairs, but by then there would almost certainly 
be great resistance to recognizing such deterioration and to reacting 
appropriately. Equally serious is the fact that the policy leaves the 
country almost completely unprepared for sudden changes in the security 
situation. It also encourages an almost reckless degree of complacency 
and carelessness. 
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it should be clear that it would be quite easy to write scenarios 
Tor the late 1980's and the 1990's in which the world deqenerates into a 
kind of junqle--or in which some movement like communism suddenly takes 
on renewed vitality and dynami sm--and for some of these scenarios there 
is no need to wait for the late 1980's. It would take us too far afield 
to describe the various possibilities for the weakeninq of the Western 
nations on the one hand and of the emerqence of dangerous challenges; on 
the other. We will content ourselves here only with the observation 
that it is unlikely that the history of large-scale international violence 
and threat will be terminated just because the world will have passed 
through the population and GWP inflection points--even though these two 
events do have many stabilizing aspects and do make conceivable and 
plausible (perhaps too plausible) an unprecedented degree of commitment: 
to the. status quo and peaceful evolution. 

Tr ansi tional Problems of Morale, Attitudes and the Qua l ity of Life 

5n the transition to post industr ial society, a vast group of intel- 
lectuals will be created as the need for expertise increases (and for 
seif-servinq reasons as well). These intellectuals may suffer from the 
nost intense anomie of ail social groups. In becoming a mass profession, 
they open themselves to sharper criticism as a group because their average 
standards necessarily decline, their contacts with outsiders wither, they 
become less sei f-coriscious as a stratum but more actively self-serving, 
and make clear their belief that they should wield social power. As this 
group's social status declines and its numbers rise, various segments 
will be organized, sometimes as an agency of government or other social 
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institutions. Thus a key new form of social conflict becomes institu- 
tionalized. At the same time society faces a momentous political and 
social choice regarding the degree to which scholarship will be frag- n 
mented and autonomous or unified and harnessed to the tasks of other 
institutions. If one considers the acceptance of the zero economic 
growth thesis currently put forward by some groups, together with a 
willingness to organize and harness scholarship, one can imagine a 
trend over several centuries toward an essentially Confucian meritocratic 
social order dominated by self-serving and self-justifying--even if 
also communal and paterna 1 i st i c--uni vers i ty-tra i ned mandarins and 
bureaucrac i es . 

We should also note that, just as the auspicious trends carrying us 
from feudal to industrial to postindustrial society have generated various 
new and pressing problems, so some of the projected auspicious trends of 
postindustrial society will certainly generate their own forms of dis- 
satisfaction. For instance, some writers allege that a leisure revolu- 
tion is likely to occur in the United States. Professionals and managerial 
workers have good reason to be skeptical about the growing leisure of 
postindustrial society, but it is at least imaginable that substantial 
proportions of the population will eventually work a three-day week and 
not "moonlight" during their four nonworking days. If so, the intense 
boredom that afflicted the aristocracy of the 1 8th and 19th centuries 
could return with a vengeance--but probably less as a mass phenomenon than 
as one which afflicts various self-conscious elites. 
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in the emerging post i ndus tr i a 1 society the scale of industry expands 
to the point where the TV A becomes a middle-sized project, and the scope 
expands to include most of a continent if not the world. The coexistence 
of this phenomenon, which we call the "super i ndus t r ia I society," with 
the post i ndust r ial society, creates fundamental threats to the environ- 
mental stability and to recreational uses of the environment. The side 
effects of the huge scale and scope of modern industry are, of course, 
exacerbated by rising popu 1 at i on-- 1 ess of a long-run problem than is 
commonly supposed, but for the present it can cause severe difficulties 
in certain parts of the world such as India and China. As already 
stated, we do not believe the world in general or the United States in 
particular will suffer from long-term shortages of energy or resources, 
or that continued superindustr ial development is inconsistent with a clean 
environment. Nor does population growth in the United States need to 
create overcrowdinq of 1 ivinq areas in any strong sense--as we have 
already demonstrated in our demographic discussions. However, super- 
industrial society does mply the following: difficult transitions to 
new sources of energy and other resources, and the necessity of new 
regulations and vast new expenditures to maintain a clean environment, 
to prevent the almost complete disappearance of wilderness areas in the 
United States and the overuse of existing recreational facilities to 
the point where the continued existence of some will be endangered. 

Thus it could be said that to a great extent the problems of modern 
society, and particularly those affecting the quality of life, derive not 
from major social failures but from major social successes; for as we have 
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seen, the most pervasive and deeply rooted problems result from the success- 
ful transition from pre- industr i a 1 to industrial to superindustrial and 
post i ndus tr i a 1 societies. This is why the discussion of quality of life 
takes for granted the successful performance of traditional governmental 
functions and the maintenance of high per capita income. Quality of life 
now usually refers to a set of problems that are overwhelmingly the 
consequences of success: anomie resulting from successful promotion of 
social mobility; blue-collar "blues' 1 resulting from the successful transi- 
tion out of the class structure and struggles of early industrial society; 
pollution resulting from successful rapid growth; perverse outbreaks of 
the martial spirit as a result of a generally peaceful world and the 
imposition of peaceful values; and intense concern with recreation and 
leisure issues because so many have nothing more important to be intensely 
concerned about. Other "failures of success" are listed in Table 13- It 
seems to us that recognition of the fact that today's problems arise, not 
from centuries of human failure and rapaciousness, but as the result of 
extraordinary and multiple successes in attaining the goals mankind has 
cherished most is bound to have a positive and healthy effect on social 
mo ra 1 e . 

We referred in Chapter I to the quaternary activities which we 
assume will be most prevalent and important in a mature post-industrial 
society, but did not give a very clear or specific picture of post- 
industrial life. We were, in fact, deliberately vague and eclectic because 
we simply do not know what the United States or other nations will look 
like in 2176, even if trends do develop as we have projected. We do have 
some ideas of what may happen in the near term, though, and more important, 
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Table 18 

VSHS FAILURES OF SUCCESS 


If E HAVE 

AFFLUENCE | , 


:ONTINUOUS ECONOMIC GROWTH . TECHNOLOGICAL 2, 

IMPROVEMENTS 


VISS CONSUMPTION 3 , 

ECONOMIC SECURITY, LITTLE REAL POVERTY A. 

"HYSICAL SAFETY, GOOD HEALTH. LONGEVITY 5. 

GOVERNMENT "FOR THE PEOPLE " 6 . 

THE BELIEF THAT HUMAN BEINGS AND HUMAN LIFE 7 . 

ARE SACRED AND THE ONLY ABSOLUTE. 


RATIONALISM AND THE ELIMINATION OF SUPERSTITION 8 . 

MERITOCRACY 9. 

i: AN OPEN, CLASSLESS SOCIETY 10. 


RUT WE ALSO HAVE 

NO NEED TO WAIT FOR POSSESSIONS OR MOST OF WHAT WE DESIRE 
HENCE RELATIVELY LITTLE NEED FOR SELF-DISCIPLINE. AS A 
RESULT PEOPLE ARE AT THE SAME TIME OVERLY CONCERNED WITH 
SATISFYING THEIR MATERIAL WANTS AND SATIATED. BORED AND 
PETULANT WHEN THEY DO AND FURIOUS IF THEY DO NOT RECEIVE 
WHAT THEY WANT IMMEDIATELY. 

IMPOSSIBLE DEMANDS MADE CN THE GOVERNMENT: STEADY 
GROWTH UNINTERRUPTED BY BUSINESS CYCLES IS REQUIRED 
AS A MATTER OF COURSE; UNREALISTICALLY HIGH GROWTH 
RATES ARE DEMANDED: All GROUPS IN SOCIETY MUST GROW 
LUJNUM HALLY A1 IME SAHt RAIE SO I HA I NU ONE IS LEFT 
BEHIND. IMPROVEMENTS IN TECHNOLOGY ENCOURAGE UNREAL- 
ISTIC EXPECTATIONS ELSEWHERE. 

AESTHETIC AND COMMERCIAL STANDARDS ARE DETERMINED BY 
THE TASTES OF THE MASSES. 

EMPHASIS ON RELATIVE POVERTY, HENCE A DESIRE FOR 
RADICAL EGALITARIANISM. 

A NEUROTIC CONCERN WITH AVOIDING PAIN AND DEATH. 
ALTERNATIVELY. THE LACK OF GENUINE DANGER AND RISKS 
LEADS TO THE CREATION OF ARTIFICIAL AND OFTEN MEANING- 
LESS RISKS FOR THE SAKE OF THRILLS. 

NO REALIZATION THAT THERE ARE GOALS HIGHER THAN THE 
WELFARE OF THE PE0PLEt“£. G . , THE GLORY OF GOD. NATIONAL 
HONOR. GREAT PROJECTS AND ACHIEVEMENTS. 

THE BELIEF THAT NOTHING IS MORE IMPORTANT THAN HUMAN 
LIFE, HENCE THAT NOTHING IS WORTH DYING (OR KILLING) 

FOR. LOSS OF ARISTOCRATIC AND UPLIFTING IDEALS AND OF 
VARIOUS DISTINCTIONS BETWEEN SUPERIOR AND INFERIOR 
PERFORMANCE AND INDIVIDUALS. 

THE LOSS OF TRADITION. PATRIOTISM, FAITH; EVERYTHING 
WHICH CANNOT BE JUSTIFIED BY REASON CANNOT BE JUSTIFIED. 

NO SUDDEN RISES TO »OWER. EVERYONE MUST SHOW HIS WORTH 
BY WORKING HIS WAY JP THE BUREAUCRACY — AND BY BUREAU- 
CRATIC AND MERITOCRATIC TECHNIOUES. EXPLANATION AND 
RATIONAL I ZATON BECOME MORE IMPORTANT THAN ACHIEVEMENT 
AND SUCCESS. FURTHER BY THE TIME THEY GET TO THE TOP. 
PEOPLE HAVE LOST MUCH SPIRIT. HENCE FEWER YOUNG. 
IDIOSYNCRATIC HOTHEADS AT THE TOP TO SHAKE THINGS UP. 
ALSO, NO RESPECT FOR EXPERIENCE WHICH DOES NOT CONSTANTLY 
PROVE ITS WORTH BY MERITOCRATIC AND BUREAUCRATIC CRITERIA. 

NO SENSE OF ONE'S PROPER PLACE IN SOCIETY. IN TRADI- 
TIONAL SOCIETIES, IE YOU ARE BORN AN ARISTOCRAT, YOU 
DIE AN ARISTOCRAT. NOW. WHEN YOU RISE UPWARD. YOU 
DON'T KNOW WHEN TO STOP STRIVING. THUS. YOU HAVE 
CEASELESS STRUGGLES FOR MORE MONEY AND POWER— OR CEASE- 
LESS STRUGGLES AGAINST ANY DISTINCTIONS OF CLASS OR 
PRIVILEGE— EARNED OR UNEARNED. 
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we have strong fears concerning that near term and the emerging transition 
to a post industrial society. 

Consider, for example, certain South Pacific islands which, to many 
outsiders, seemed to be almost a Garden of Eden; in this idyllic economy, 
many of the necessities of life— perhaps all— came virtually free. On such 
islands anthropologists invariably found elaborate structures of taboos, totems 
and rituals. But what outwardly was an earthly paradise was, in some ways, 
internally a psychological hell, at least by current standards. One is 
tempted to argue, perhaps too quickly, that there is something in the human 
psyche which requires that the absence of objective external pressures be 
balanced by internal psychological structures and goals. Whether we accept 
this simple formulation or not, it may be a clue to one major set of issues. 
Actually, we argue that some cultures adapt more easily to affluence and 


safety than others. Indeed, we would hazard a guess that the At 1 ant i c-Prot- 
estant culture is one that has relative difficulty in adapting to wealth 
and safety, while the French and Chinese cultures do so more easily. 

John Maynard Keynes, in his famous essay "Economic Possibilities For 
Our Grandchildren," provides us with some interesting insights into this problem 

I draw the conclusion that, assuming no important wars 
and no important increase in population, the economic problem 
may be solved, or be at least within sight of solution, within 
a hundred years. This means that the economic problem is not — 
if we look into the future--the permanent problem of the human 

race. ... 

I see us free, therefore, to return to some of the most 
sure and certain principles of religion and traditional virtue— 
that avarice is a vice, that the exaction of usury is a mis- 
demeanour, and the love of money is detestable, that those walk 
most truly in the paths of virtue and sane wisdom who take 
least thought for the morrow. We shall once more value ends 
above means and prefer the good to the useful. We shall honour 
those who can teach us how to pluck the hour and the day vir 
tuously and well. The delightful people who are capable of 
taking direct enjoyment in things, the lilies of the field who 
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I3ut beware! The t im e for all this is not ve t. For at 
ieast another hundred years we must pretend - to ourselves and 
so every one that fair is foul and foul is fair; for foul is 
useful and fair is not. Avarice and usury and precaution must 
be our qods for a little longer still. For only they can lead 
us out of the tunnel of economic necessity into dayliaht.* 

Keynes's perceptions may be somewhat romantic — we do not feel that the 
future belongs to the kind of "flower children" he describes, who in 
effect (in our terms) "drop out" of contact with most external reality-- 
but we do believe that there will be stronq trends in the direction he 
indicates. And we would like to endorse--in fact, emphasize stronqlv-- 
Lhe thought of his last paragraph. 

We would argue that many of the problems one found in Sweden, Holland, 
the United States, and to a lesser deqree in Canada and Australia in the 
late 1960‘s and early 1970's were products of the oremature introduction 
So upper-middle-class elites of some of the characteristics of post- 
industrial culture. It should be noted that in many ways the country most 
severely affected was Hol!and--an interesting phenomenon because Holland 
had no Vietnam, no race oroblem, no problem of poverty. Indeed, even its 
pollution is mostly imported. 

We can clarify one kind of transitional problem by considering an imaqe 
>f the United States in the year 2000. At that point it should have about 
?50 million citizens, of which 50 percent will probably be in the labor 
force — Derhaps 100 to 125 million workers. If we assume the lesser fiqure 
of 100 million jobs, it is likely that only about 25 million people will 

John Maynard Keynes, "Economic Possibilities for Our Grandchildren" 
(1930), in Es says in Per su asion (New York: W. W. Norton & Company, Inc., 
1973), PP- 3^5-66, 37 1 ”72 . Italics added. 
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be needed in the so-called primary and secondary industries--that is, 
only a fourth of the labor force will man the production-oriented part 
of the economy. The other three-fourths will be in service industries, 
some in tertiary services (that is, helping good s -o r ien ted industries) 
and the rest in quaternary services (doing things judged worth doing for 
their own sake). It is difficult to estimate productivity in the quaternary 
activities, particularly in the government sector, and if current trends 
continue, it could be said that a considerable number of these service 
workers will simply be receiving disguised subsidies or welfare. That is, 
the jobs they will be doing will be meaningless in terms of product to 
society, though they may enjoy doing them; the jobs will merely be an 
accepted way of transferring income to such people. The salaries they 
receive will be counted as part of the GNP , but it will be increasingly 
difficult, in many cases, to associate this portion of the GNP with any 
kind of increase in benefit to others. 

How Likely are Democracy and World Government? 

Considering the difficulty of discussing changing values and life-styles, 
what can be predicted about the political systems that will govern in the 
next 200 years? This is as difficult to project confidently as is the issue 
of life-styles and values. Moreover, politics will both influence and be 
influenced by life-styles. We offer some conjectures for whatever they 
may be worth. 

Many countries will be relatively or at least nominally democratic, 
though some democracies will probably be more authoritarian than truly 
parliamentary. The reason is not the universal superiority of either the 
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democrat i c or authoritarian types of government; rather, it is that an 
if Fluent , technological world almost has to be--at least in i t ial 1 y- -some- 
what cosmopolitan, secular, pacifistic, relativistic and perhaps hedonistic. 

In deeply religious communities there is a stronq tendency for the 
government to be conducted by a theocracy which in effect speaks to God 
or mediates His wishes. Heroic cultures are often governed bv a great 
leader, an aristocracy or an oligarchy of talent, wealth or military s»kill. 
But secular-humanist cultures are not willing to legitimize any of these 
types of government. Their method of making a government legitimate is by 
Social contract and the manifest consent of the governed, or by a mandate 
if history which clearly yields acceptable results to the qoverned (bv 
their criteria). 

This need for legitimization by explicit real, or pro forma, elections 
jpplies to both real and pseudo-democracies (such as many of today's 
‘people's republics"), to relatively paternalistic, authoritarian govern- 
ments (as in southern Europe, Latin America and Southeast Asia), or to a 
dictatorship more or less maintained by naked force (as frequently found 
in Africa and to a lesser extent in Latin America). In this respect 
authoritarian should not be confused with totalitarian or dictatorial 
governments . In authoritarian states, there is a relatively high level 
of legality and usually some lip service to parliamentary representation, 
including a need for relatively genuine el ect i ons-- i f only in a validating 
and public relations role. Particularly if the world is to experience a 
century of relative peace, and no great inflations or depressions, we can 
plausibly, but not certainly, assume that even more governments will be 
democratic than at present. 
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It should be noted that in the last 200-300 years stable democratic 
government developed primarily in what we describe as the Atlantic 
Protestant cultural area and Switzerland. In all other parts of the world, 
democracy still seems to be relatively fragile. Clearly, though, it has 
also attained strength in Israel, France, West Germany and Japan; and to 
a lesser degree in Italy, Colombia, Venezuela, Singapore, Hong Kong, 

Costa Rica, Malaysia and perhaps Mexico and the Philippines. But it 
should be noted that there are almost no other authentic democracies in 
the other approximately 125 nations of the world. Thus one cannot think of 
democracy as a movement that clearly dominates other forms of government, 
particularly if democracy is put under serious strain or if the people 
and leaders cannot participate with a modicum of democratic self-restraint 
and a firm and informed sense of political and financial responsibility. 

It is also likely that there will be many functional organizations 
which will deal with the various international issues that will arise in 
the 21st century. Many of the most effective organizations will probably 
be of an ad hoc nature, but some of them will be part of larger inter- 
national organizations such as the United Nations. 

Many people believe that as more functions are undertaken by inter- 
national organizations, there will be an almost inevitable growth toward 
world federal government. But unless the functions are performed with 
superb efficiency and effectiveness, this kind of evolution by peaceful 
development rarely proceeds very far without involving considerable 
violence. It is clear that the requirements of preserving peace and the 
problems of arms control, the environment and economic relations, as 
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well as many law and order issues, all create great pressures toward 
peaceful evolution to world federal government. Yet we remain skeptical. 
One reason for skepticism arises from thinking about the likely answer of 
the Japanese, Soviets, Europeans and North Americans to the followina 
quest i ons : 

\. Are you willing to turn your lives and interests, and 

those of your families and communities, over to a govern- 
ment based upon the principle of one man, one vote--that 
is, to a government dominated by the Chinese and the 
i id ians? 

2. Would vou be willing to turn your lives and interests 
over to a government based upon the principle of one 
state, one vote — that is, to a government largely con- 
t'olled by the small Latin American, Asian and African 
nation-states? 

Clearly, the answer to these two questions will be a very stronq 
negative, as would also be the reply to a suggestion for a bicameral legis- 
lature with two branches organized according to the above two principles. 

We can imagine a world legislature based upon one dollar, one vote 
(dominated by the United States and JaDan)--or on other realistic, if 
inadequate, measures of actual power and influence. But it is more diffi- 
cult to imagine such a government emerging peacefully, or being very strong 
if it did evolve peacefully. There are many ways to create a political 
consensus; but none of these methods makes it easy to imagine a real v/orld 
government evolving by purely peaceful means. 


Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 



Approved For Release 2002/06/06 : CIA-RDP79M00467A000200150019-4 

245 

Chapter 9 
THE TASKS AHEAD 

We would like to have been able in this book to be completely optim- 
istic, to present a view of the future which argues that while struggle, 
dedication and intelligence may be required, mankind will resolve all of 
its problems if only a reasonable effort is made--and also that man's 
dream of an egalitarian utopia on earth may soon come close to realiza- 
tion. Unfortunately, no such assurances have ever been possible; nor 
are they now. In particular, we believe that large income gaps between 
nations could persist for centuries, even though there will be some tendency 
for them to narrow. Moreover, our discussion of the long-term environment 
(in Chapter 7) had to be so uncertain and inconclusive that it may have 
left many readers with considerably lowered morale after our predominantly 
optimistic presentation of such issues as growth, energy, food and resources 
in the previous chapters. Our own attitude is certainly basically positive-- 
and we do not believe that the persistence of income gaps is necessarily 
either tragic or immoral--but our picture of one aspect of current reality, 
as set forth in Chapter 7, does make us apprehensive, perhaps excessively 
so. We are not among those who are pleased or take any satisfaction in 
finding out that great tragedy, even doomsday, is indeed possible--or at 
least not to be ruled out--and that various degrees of catastrophe are 
still possible even if man puts forth his best efforts. Such possibilities 
have always been present, but now they seem to arise as much from man's 
act i v i t ies-- that is, from what we call the Faustian bargain--as from 
nature. On the other hand, it is clear that our basic image of the future 
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emerges as bright, and since this image is based on careful analysis and 
project ion--and takes as lull account of negative possibilities as we 
can — it should go far to reassure those who are excessively apprehensive. 

it i 5 also equally c ear that an enormous disservice can be rendered 
to all, including the poor, by raising excessive expectations or by defin- 
ing a relatively normal, healthy and near-permanent condition as a serious 
moral problem which has to be solved. What most people everywhere want is 
visible, even rap i d, i mprovemen t in their economic status and living stan- 
dards, and not a closing of the gap. They would love to double their 
income in 15-20 years, (i.e., move up from poor to middle class) and 
they are generally shocked to hear that this is indeed a possible and 
practical goal (which it is in most poor countries — or would be with 
reasonable government policies). Of course, much less can be accomplished 
in Five or ten years. 

The First Task: A Real istic Image of the Future 

Proiecting a persuasive image of a desirable and practical future 
is extremely important to high morale, to dynamism, to consensus, and in 
general to help the wheels of society turn smoothly. But we also want to 
emphasize that we at Hudson are interested only in improving morale after 
we are ourseives convinced of the truth of our message. For us, the 
virtue of the imaqe of the future presented here is not that it may prove 
useful (though we are highly pleased that this may be so), but rather 
that our forecast of the future may prove accurate, or at least about the 
most plausible image one can develop now. If we could not realistically 
justify an optimistic image, we would be quite willing to portray a 
negative one, arguing that it is our business to cal I the shots as wc 
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see them. Furthermore, such a negative image, if persuasive and realistic, 
might help elites to mobilize to face real problems (as opposed to un- 
realistic negative images, which tend to raise false issues, create un- 
necessary controversy and divert resources and attention from practical 
solutions). Actually, we believe that it Is almost always easier, except 
in the direst emergencies, to mobilize society around a positive rather 
than a negative image. It is also our view that if the negative image is 
largely inaccurate and morale-e.roding as well, it could be destructive if 
widely disseminated. This might be especially true if it dominates the 
educational curriculum--as indeed the 1 i mi ts- to-grcwth view has in a 
surprisingly large portion of the Atlantic Protestant culture and in 

Japan. 

It is also worth noting that it is not true, as many people contend, 
that what might be called the "max-min strategy" would require taking a 
1 i m i ts - to - g r owth perspective. In such a strategy one examines the worst 
that can reasonably be expected to happen with each policy and then picks 
the po 1 i cy tha t limits one's risks that is, of all the po licies available, 
the one with the least worst of the possible outcomes. We would argue 
that, in fact, almost the opposite may be true. It is not the post- 
industrial perspective which would force enormous repression on individual 
countries and which would consciously continue, in a dangerous way, absolute 
world poverty. Indeed, it is the 1 i mi ts- to-growth position which creates 
low morale, destroys assurance, undermines the legitimacy of governments 
everywhere, erodes personal and group commitment to constructive activities 
and encourages sabotage and obstructiveness to reasonable policies and 
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of creating the resources needed for expansion, make more likely mislead- 
ing debate and mi s formu la t i on of the issues, and make less likely construc- 
tive and creative lives. Ultimately the position even increases the 
potential for the kinds of disasters which most of its advocates are 
trying to avoid. 

Clearly, the first task is to gain acceptance of a more reasonable 
view of the future, one that opens possibilities rather than forecloses 
them. We believe that current prophets of peril are makinc forecasts that 
couid indeed be self-fulfilling, if only in the short run. For if enough 
people were really convinced that growth should be halted, and! if they acted 
on that conviction, then billions of others might be deprived of any 
realistic hope of qaining the opportunities now enjoyed by the more 
fortunate. Indeed, lacking the incentives that have quided them and their 
forebears, they too might soon despair, bereft of both ambition and cioals, 
and irresponsible activist leaders might take over. We believe that 
eventually — when the pos t i ndust r i a 1 economy has arrived-~much of the 
industrial imperative and its appurtenances will erode or expire; but to 
weaken it orematurely, before it has run its natural course, would be to 
impose unnecessary trauma and suffering and make even more difficult the 
full exploitation of the many opportunities now available. 

Overcoming the Known Problems of the Near Term 

Next among the tasks ahead is to find the appropriate means for 
dealing with the problems of the present and the immediate future. While 
our scenario for America and the world is generally optimistic for the 
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long term, we do recognize the real possibilities of serious anomalies, 
dislocations and crises in the short term, any one of which could greatly 
complicate the process of getting from here to there. Among these potential 
difficulties are regional overpopulation, retarded economic growth, energy 
shortfalls, raw material shortages, local famines, short-run but intense 
pollution, environmental surprises and (most terrifying of all) large- 
scale thermonuclear war. While we offer no solutions that will guarantee 
the avoidance of these problems, we do believe our proposals will both 
reduce the possibility of their occurrence and mitigate the consequences 
if any do occur. 

1 . Population 

Recent data show that the rate of population growth is declining in 
almost all the developed countries, and that birth rates are also declin 
ing in many less-developed countries. These trends have led us (and U.N. 
population experts) to plausible projections that a maximum will very soon 
be reached in the rate of growth of world population and that in less than 
200 years the number of people on earth will become more or less stable. 
Nevertheless, there are now--and may continue to be--areas where popula- 
tion increase is about as rapid as economic growth, and this does cause 
a severe drain on resources needed for development. 

However, increased population is not necessarily a cause of slower 
growth, even though correlations can often be found between high popula- 
tion growth rate and low development. The stronger case is that, under 
current conditions, with economic development there is almost always an 
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associated decline in birth rate. As two Stanford researchers have stated 
'From a broad look at the whole world, we conclude that mortality is a 
Function of modernization and development, that truly low levels of 
mortality are rarely found in the least-developed countries, and that 
declining natality is found in precisely those LDCs which have made the 
social and economic proaress apparently required for a significant mor- 
tal i ty dec line." 

ihus the primary response to rapid population growth is not neces- 
sarily an antinatalist program, even though such programs can be useful 
and sometimes have a sianificant impact, as was the case in post-World 
War II Japan. A contrary example is just as impressive: in the United 
States the total fertility rate declined from seven children oer woman 
in 1800 to fewer than two Der woman in 1970, without benefit of an anti- 
natai i st p rog ram. (Ironically, it is just at the end of this strong 
trend that movements for such programs have begun to attract attention.) 

It seems clear that what is needed for the most part--to truly affect 
population growth--is economic development in those areas where birth 
rates are still very hiqh. 

2 . E con omi c Growth 

When we come to the question of economic development we find some- 
thing quite strange indeed: a surprising lack of awareness of the progress 

"frank Wm. Oechsli and Dudley Kirk, "Modernization and Demographic 
Transition in Latin America and the Caribbean," Economic Development 
and Cul t ura 1 Cha nge, April 1975. p. 395. 
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that has been made. For example, in I960 the United Nations set a goal 
for the Decade of Development of 5 percent growth for the less-developed 
countries. It was not expected that the goal would be met; it was one 
of those unrealistic rhetorical goals that one strives for but does not 
actually expect to attain. Yet the goal was actually exceeded by 10 per- 
cent--the less-developed countries achieved an average of 5-5 percent 
growth--and this impressive feat was not celebrated anywhere. Instead, 
people began explaining with great ingenuity and desperate eagerness why 
the Decade of Development had almost totally failed. One issue involved 
the fact that the poorer two-thirds of the LDCs had achieved only 3-9 
percent growth, but the critics failed to realize that even 3-9 percent 
was actually closer to the goal than most had anticipated the noncoping 
nations would achieve; Indeed, most had expected that the poor would get 
poorer, not richer (which they did at rates that would have been judged 
to be quite high by pre-World War II standards). 

We believe that the prospects are good and getting better for the 
coping nations, and that these are the developing countries that will 
help drive the world's economic growth in the 21st century. For the non- 
coping nations, the immediate prospects are not so good, but our projection 
is that over the long term they, too, will gradually join the ranks of 
the coping nations. We further believe that the key to accelerating this 
process is not primarily exploitable natural resources or economic aid 
or populat ion-control ass istance, but instead training, education, innova- 
tion, savings and investment, institutional change and what Joseph 
Schumpeter called "creative destruction." We agree with Simon Kuznets 
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chat: "purely technological and economic factors allow sufficient margins, 
in most underdeveloDed countries, to permit substantial and sustained 
economic growth, even with a significant rise in population growth--at 
least for the proximate future of two or three decades. The difficulties 
and the problems lie in the limited capacity of the institutions of 
the underdeveloped count: r i es--po I i t i ca 1 , legal, cultural and economi to 
channel activity so as to exploit the advantages of economic backward- 
ness." It does not help these countries to erect artificial problems 
arid blocks--or to discourage their commitment and morale. It is precisely 
the advantages associated with the income gap, as we emphasized in 
Chapter 2, that constitute the great opportunity for the world's poor 
nations. Thus the task ahead, for America and the developed world, is 
to help raise the capacity of these nations' institutions to exploit 
the gap whose very existence can accelerate their growth. Closing that 
gap will not occur soon-- n fact, for a time it may even widen--but mean- 
while the doublinq or tripling of the income of the poorest that does take 
place will be a substantial and welcome development for peasants and 
workers and most businessmen, even if Western intellectual and governmental 
establishments downplay or ignore this achievement in Favor or rhetorical 
remarks about the inequities of the gap. 

j. Energy 

Long-term energy prospects-- res t i ng on sources that are inexhaust ib le-- 
are very good; but the oi l embargo of 1 973 ~ 7 ^ showed how vulnerable the 

Simon Kuznets . "PoDulation and Economic Growth," Proceedings of the 
American Philosophical Society, June 22, 1967. p. 190. 
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developed world may be in the short term. In these circumstances the 
task ahead in energy is twofold: the development of alternate energy 
sources and the achievement of a degree of energy independence. 

We have spoken of energy sources as "current," "transitional," and 
"eternal." Much is still available in the current inventory, especially 
in coal, but well-intentioned yet wrong-headed policies may keep this 
energy source from being developed. Price ceilings on hydrocarbons may 
for a time help restrain inf lation--at least as measured by government 
indices; but they will also encourage the misuse of these fuels, increase 
dependence on imports and remove incentives to develop alternative sources. 
Some may temporarily benefit from lower prices, but the eventual cost 
could be embargo vulnerability, crippling energy shortages and skyrocketing 
prices. Price floors on hydrocarbons, on the other hand-- if set suffi- 
ciently high — could slow their use and provide the needed incentive to 
realize the potential of other energy sources. Encouragement is also needed 
for transitional sources, particularly synthetic fuels and fission power. 

In this case, though, high risks and many problems may make government 
assistance necessary. This can occur in many forms, including grants 
of government land, tax benefits and accelerated depreciation. Federal 
assistance will also be necessary for the early exploitation of eternal 
sources. Here the important task will be to support multiple paths of 
research and development and to avoid prematurely allocating excessive 
resources to initially attract ? ve--but far from proven — technologies. 

(Many argue that this applies in the U.S. to the current liquid 
metal fast breeder (LMFBR) type of nuclear power reactor.) We realize 
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that: all this represents a considerable intervention by the 'government 
into the free market system; but we believe that such intervention is 
justified--in large part 1:o enable the free market system to better 
allocate society's resources and to prevent excessive dependence on 
external sources. 

A reasonable corollary to the above is the achievement of a degree 
of energy autarky — or at least short-term independence. It is fashionable 
today — as it has been tor much of this century, especially since World 
War II — to preach the value and necessity of global interdependence. 

But in many matters Interdependence increases both the likelihood of 
sharing bad fortune and the opportunity of being held hostage. Nations 
cannot "stop the world and get off," but they can seek to follow a form 
of interdependence that emphasizes constructive cooperation and "system 
toughness" rather than potentially destructive dependence and "system 
weakness. 1 In terms of energy sources, this is not an argument for 
total independence, which is normally too expensive an alternative in the 
calculation of opportunity costs; but it is a plea for a degree of autarky 
sufficient to protect against the threat of energy biackmai 1 or' accidental 
or deliberate slowdown in delivery. 


'This arqument runs counter to the major conclusions of the Club of 

Rome's second report -- (Mi ha j lo Mesaroyic and Eduard Pestel, M ankind a_t the 

Turning Point (New York: Reader's Digest Press, i974) - -which emphasizes 
theTmportance of global interdependence and stresses the necessity of 
solving problems in a "global context ' by "global concerted action. 

We believe this goes in exactly the wrong direction, and that the organic 
interdependence it suggests would insure that a dislocation anywhere would 
be a dislocation everywhere. We prefer redundancy, flexibility and a 
degree of "disconnectedness." If India, for example, goes under, we 
want to be able to help save her, not go down with her. 
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k. Raw Materials 

Here the alarm seems genuinely misplaced. Sources of most raw 
materials are great and, with new discoveries, are growing. (Mining 
of ocean nodules will vastly increase the supply of several metals con- 
sidered vital to industry today.) Before these sources are exhausted— 
if this ever occurs— we anticipate that extraction from high-grade rock 
and from the ocean itself will be economically feasible; and it is also 
possible that extraterrestrial mining will provide new, and practically 
inexhaustible, sources in the distant future. We also anticipate that with 
the passage from super- to postindustrial economies, the trend to reduced 
per capita use of raw materials, already visible today in several metals, 
will continue and accelerate, thus further reducing pressures on supplies. 

For those materials which are vital and in short supply in the near 
term, initial efforts will focus on recycling, conservation and substi- 
tution. Most metals that have been mined still exist today, but in some 
manufactured form. Recycl i ng—whi ch for the most part has only barely 
begun—can make them usable again. Where supplies are short and recycling 
is too difficult or too expensive, increased prices will spur efforts 
toward conservation and the search for synthetics and substitutes. 

Finally, for those few cases where all the above approaches prove inade- 
quate, research and development will have to find ways of replacing the 
processes and devices using the scarce materials, and the old tools and 
methods will then be relegated to the museums of the future as the relics 
of a bygone age. 

The near-term tasks ahead are: to accelerate the exploration for 
and exploitation of raw materials and to restore confidence (hopefully 
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justified) in the safety of investment and contracts in the developing 
nations, whose economies need the stimulus this exploitation will pro- 
vide; to reach agreements (de fac to or de jure) on the exploration and 
development of the resources of the world's oceans (it is hoped these 
agreements will promote constructive cooperation, but at the least they 
should allow development to proceed at a reasonable pace); and to 
accumulate stockpiles of vital materials, for that will protect against 
many eventualities that could otherwise prove destructive. 

S. food 

Our discussion has emphasized that it is not the product i on of 
food that is cr i t i ca 1 -- the world has adequate land, water and fertilizer 
now available to feed its present numbers; rather, it is the inadequate 
d ; s t r i b u t i on of food that accounts for malnutrition, hunger and famine 
in parts of the world. Regional famine is therefore primarily a prob- 
lem of public policy and resource allocation. In practice, this can 
be reduced to the simple proposition that adequate food is available 
to those who can produce it, who can pay for it, or who can get somebody 
else to pay for or finance it. 

There are thus two urqent tasks which must be undertaken to reduce 
the likelihood of severe regional or nationwide famines. The first is 
to create a margin of safety by building stockpiles that can be drawn 
upon in periods of emergency created by poor harvests and natural 
catastrophes , as well as by gross errors in national policy. However, 
it is important to recognize the it is the su rp 1 us- food-produc i ng 
nati ons of the world (the United States, Canada, Australia and to a 
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lesser extent Argentina) that will have to build these stockpiles, not 
some international consortium created by the good will of nations whose 
hearts are full but whose contributions are small. Advocating such 
international cooperation is often merely a "cop-out," useful more to 
soothe consciences than to fill stomachs. 

Second urgent task is that of achieving vital institutional reforms 
that will enable food-hungry nations to improve their own agricultural 
sectors. This should be done as much to increase their GNPs as to 
provide more food for home consumption. Too often developing nations 
in their haste to i ndus tr i al i ze--have emphasized manufacturing at the 
expense of agriculture in their plans. Yet history shows that, with a 
few exceptions, the path to economic growth has been across fields of 
wheat, not tracks of steel. What is required in the chronically food- 
short countries are policies that allocate resources to the development 
of agricultural technology, provide inputs and incentives to farmers to 
increase production, and create an agricultural infrastructure (includ- 
ing transportation, irrigation, education, storage facilities and sources 
of credit). These tasks require the assistance and cooperation of the 
developed nations, but in the final analysis it is each developing nation, 

which must recognize that its first priority is to find ways of producing 

food and income for its people. 

6. Pol 1 ut i on 

Much has been done and much still needs to be done to clean both 

our air and water. The accomplishment grew out of the fact that enough 
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people in enough places discovered that the air and water were deterio- 
rating and that they could afford to do somethinq about it. Thus indus- 
tries and other groups who had never paid much attention to their impact 
upon the air and water suddenly found they had to, and could, do so. 

There has been a qrowing recognition that air and water are scarce, and 
belong to the public, and that one must pay to use them, just as one 
pays for raw materials or labor or building space. Moreover, one must 
operate in ways to protect them. The task ahead is simply to persuade 
those who use the air and water that they must pay the costs to clean what 
they have fouled. While it is normally economically efficient to make 
such payments equal to the costs, it might be better, in principle, to 
make penalties higher, perhaps twice as high as the actual cost of clean- 
up, thus not only encouraging steps to prevent fouling in the first place 
but eliminating any suggestion that the government is going easy on the 
polluters. (If those who pollute pay enough to have two pounds of pol- 
lutant removed for every one they add, then the government might be able 
to claim, "the more they pollute the cleaner the medium!") 

The problem of pollution in the less-developed countries is more 
difficult. Many in these countries prefer pollution to poverty, and 
there is some justification to their claim that they should not have 
to bear a burden not borne by the developed nations when they industrial- 
ized. Even if they can afford it, it may be hard to convince nations who 
are struggling to use their limited resources on expensive or sophisticated 
anti pol 1 ut: ion programs. Several points should be made. First the 
sacrifice the 1 ess-deve looed countries would make to control pollution 
is less in many cases than the developed world has had to make in undoing 
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years of lack of attention to the environment. Second, new technologies 
are regularly being designed which will either make pollution control 
unnecessary or create situations where the gains in permitting pollution 
will be small but the losses large. Finally it is often possible to design 
plants or programs to permit pollution controls to be added at reasonable 
costs at a later time, when resources are more abundant. These are 
choices which each developing nation must make for itself. 

7. Thermonuclear War 

It is true--though not often acknowledged — that even two enormously 
destructive wars did not appreciably slow the accelerating pace of industrial 
growth in this century. Nevertheless, one can hardly be so confident that 
the world could similarly overcome the effects of a war involving the wide- 
spread use of nuclear weapons, particularly if they were employed in their 
most destructive modes (that is, more against civilian than military tar 
gets). As we contemplate the tasks ahead, this is probably the single 
biggest danger. 

It is ironic that today--in the atmosphere of Sovi et-Ameri can detente-- 
there is less concern about thermonuclear war than there was just five 
years ago, while at the same time, in nations on every continent develop- 
ments are taking place that could, conceivably within two decades, quad- 
ruple the current number of nuclear powers and make atomic weapons almost 
as common in the world's arsenals as battlefield tanks were in World 
War II. The greatest concern is, of course, a war which would see the 
massive and almost uncontrolled unleashing of the nuclear arsenals of the 
great powers; fortunately the present leadership of each superpower 
realizes the enormous destruction such an exchange would cause, and this 
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awareness in itself exercises a very stronq restraint. However, even a 
very small nuclear war could do an extraordinary amount of damage. 

The task ahead in dealing with this problem is difficult and complex. 
Clearly part of it is to try to prevent further nuclear proliferation, but 

just as clearly such an effort is not alone sufficient, for if this policy 

fails--as we must realistically consider it might--theri to what policy do 
we fail back? The answer is that while making every effort to slow and 
halt the pace of nuclear proliferation, we must also begin preparations 
now to make as certain as possible that a world of more nuclear powers 
will be even less likely to witness their use, and that: if such use 

occurs, it will not only be an extremely costly failure to the user but 

will provide a very strong cautionary example to other potential users. 

We can only outline the beginning of a program here. One might start 
by d ecreas i ng rather than increasing the potential utility of nuclear 
weapons. Gradua I 1 y--a 1 1 owi ng time for necessary adjustments to be made-- 
mations could decouple themselves from arrangements under which a nuclear 
"first use" response might, be expected in a wide range of contingencies, 
until finally most or all of the nuclear nations agree that the only 
valid purpose of nuclear weapons is to negate the use of nuclear weapons. 
Equally, tne U.S. must insure — in arrangement with other nuclear nations-- 
Lhat. any other use of such weapons will be met with instant and propor- 
tionate retaliation. In effect, this would be a resort to the Biblical 
injunction of an eye for an eye, a tooth for a tooth-- the _[ex tal ion is 
of primitive tribal law, where the measure of retaliation implies not 
only "at least," but also "at most." In addition, nations should threaten 
first to "excommunicate" and then bring to justice any nuclear offender 
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where it is practical to so do. In a sense, they would be adopting the 
same peacekeeping attitude as the U.N., which rarely asks who was right 
but only tries to stop the violence. The primitive tribe has learned 
that this cannot usually be done unless the damage has been evened out. 

By clearly enunciating and living up to these rules, the principle 
would be established that there is no provocation, no matter how terrible- 
short only of a nuclear provocation — that justifies the use of nuclear 
weapons and that any nation initiating such use would not only be cut 
off from all communication and intercourse with other nations but would 
immediately be the recipient of at least an equal attack. Achievement 
of such an agreed disutility for nuclear weapons would admittedly be 
very difficult, but we believe it is a much more practical approach 
than would appear at first sight. If made credible, such a policy 
would eliminate the principal reason for nations to possess nuclear 
weapons and thus remove or reduce the incentive to acquire them. No 
other alternative seems likely to slow the pace of proliferation or 
reduce the danger of living in a nuclear-armed world as much. 

It should be noted that the basis for the view of a world without 
thermonuclear war is the concept that for most countries the best path 
to wealth, safety and power is through internal development and not 
through war. It is a great virtue of the postinudstrial economy that 

there are very few conditions under which war pays--or even seems to 
pay--as opposed to the situation that has applied during much of the pre- 
industrial and industrial eras. It is true that in a very wealthy 
society the motive for serious conflict is likely to be other than an 
economic one, but it is also possible that economic satisfaction might 
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result in much diminished conflict or even less occasions for conflict. 

It is therefore conceivable, though not inevitable, that a post indus t ri a 1 
society may be relatively free from violence and war. 

Coping with the Unknown Probl e ms of th e Long Term 

Mankind's intellectual and physical resources must also be devoted 
to the task of monitoring and overcoming potentially catastrophic loriq- 
term environmental problems. The first focus should be here on earth, 
where the full terrain of possibilities should be mapped, extrapolating 
from the known to the unknown--and still leavinq room for possibilities 
beyond these extrapolations. To help in this effort, we would recommend 
the worldwide creation of a number of public and private institutions with 
various specific purposes, but all with an overall mission of the system- 
atic and intense study of far-fetched and improbable phenomena, but phenom- 
ena which would be extremely important were they to occur. In effect, these 
institutions would together constitute an articulate lobby and an "early 
warning system" for long-term environmental problems. It is only fair to 
warn the public that anvone who studies such phenomena full time is almost 
certain to exaggerate their likelihood, impact and dangers. To do so is 
simply human nature. We do want the people making these studies to qo 
about them with an almost fanatic intensity, since such fanaticism can 
be very useful in sustaining interest, drive and even creativity. But 
we do not want this fanaticism to be carried over into iudamerits on 

These can be adjuncts to--and participants in--GEMS (the Global 
Environmental Monitorinq System), created as part of Project Earthwatch by 
UNEP (United Nations Environment Program). See Clayton E. Jensen, Dail 
W. Brown and John A. Mirabito, "Earthwatch," Sci ence, October 31, 1975, 
pp. 432-38. 
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public policy. The "fanatics" can alert the world to the problems and 
perhaps eventually to their solutions, and they can put enormous effort 
into the study of both, but we also recognize that this kind of fanati- 
cism, while useful in research and study, can be a disservice if it 
dominates public discourse. 

The first purpose of this early warning system should be to alert the 
technological and scientific community, governments and other relevant 
elites. We are not suggesting, of course, that these scientists be re- 
stricted from public communication, but we do believe that the general 
public is usually not in a good position to make early judgments on 
technical matters. If the experts do not soon reach a consensus, then 
the public must make its own judgment; and sometimes even if the experts 
and elites do reach a near- consensus , the public may choose to differ 

from them. 

Our view is that such a system could evolve into a quite satisfactory 
one. People are now beginning to understand these issues better, includ- 
ing the need for both "whistle-blowing" and concerned but responsible 
opposition. For these purposes, the free market of ideas among profes- 
sionals is probably still an essential concept. Often the problem is 
that there are we 1 1 -developed biases which can lead to an almost auto- 
matic "cover up" and a protection of vested interests and the status quo. 
But just as frequently— and this seems to be especially the case today— 
there is a kind of mindless "opposition for the sake of opposition," 
nurtured by institutions whose prestige often gives them an aura of 
authority in the public mind. Yet even this latter is not intolerable 
and probably is worth the insurance it gives us— at a minimum when its 
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spokesmen are right at least as often as they are wrong.. (Because these 
institutions are prestigious, people will listen longer and give more 
credence to their periodic cries of "wolf," but still be attentive when 
the wolf really is there.) Thus the U.S. can afford to have cyclamates 
needlessly banned, without great tragedy to society, even though such 
an action should be avoided if the evidence does not justify it. Yet 
it is also important to understand that overreacting can eventually cause 
a serious loss of credibility. 

On balance, we are confident that the task of monitoring and earlv 
warning--if sufficienty supported--could give us the very high probability 
of acquiring an assessment of long-term environmental problems that is 
credible and timely enough to permit effective remedial action. But we 
also believe that it is important to look beyond the earth, to outer 
space. The imperatives of our current earthbound problems and the con- 
straints of worldwide stagflation have lowered the priority given to 
activity outside our atmospheric envelope. We point out that the eco- 
nomic growth we project will make available enormous resources for such 
activity (1 percent of our projected GWP in 2176 will be a staggering 
$3 Lrillion--60 percent of today's GWP and about 1,000 times larger than 
the current U.S. space program). It could even turn out that a capa- 
bility for self-supporting existence in space would make possible the 
continuation of earth's civilization and the resuscitation of human 
life on the planet following an irreversible tragedy of the kind sketched 
in Chapter 7- We estimate the probability of such a calamity as too 
small, by itself, to justify such an effort. Nonetheless, its potential 
disutility is so enormous that a concerted international effort to create 
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extraterrestrial self-sustaining communities, in concert with other 
space objectives, would probably be well warranted. In short, we are 
advising a dual-purpose lifeboat for spaceship earth. 

Thinking About the Postindustriai Era 

We, of course, cannot decide here what the nature, development and 
organization of life and society in the postindustriai era will be, even 
though we do believe that these are the rea 1 issues of the future, far 
surpassing in their signif icance--and in their d i f f i cul ty--the more trac- 
table issues we have dealt with earlier in this volume. People often talk 
about consciously choosing their future, but historically it is clear that 
only rarely has such a choice actually been available — and then usually 
under an authoritarian political leader such as Augustus, Tokugawa, Napoleon 
or Lenin. All of these did make deliberate choices which set the courses of 
nations for a century or more. But the main concern of the future is 
negotiating the trip from here to there, and for this reason it is the 
short- and medium-term issues which tend to attract the most attention. 

One might like to be able to choose the future, but probably the best 
that can be done is to affect the path to it. 

Yet it is interesting — and in some ways useful--to set down the 
likely changes that our descendants will both create and confront. They 
do give us an outline of the possible shape of things to come, and in 
this way prepare and forewarn us as we contemplate the journey. 

It seems very likely that many subtle and sophisticated questions 
will arise as mankind--increasingly relieved of the burdens of simple 
sustenance and richer in technological capabilities and economic 
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resources--cont inues its inexorable march across new frontiers. Indeed 
some such questions are already arising. 

The fundamental physiological and psychological aspects of human 
life are being altered today, and will be changed further tomorrow. Most 
of the great diseases of the past have been all but eliminated (smallpox, 
for example, will soon be a memory almost as distant as those of scurvy 
and beriberi), and death increasingly will be mainly the result of either 
accident or the simple wearing out of vital organs (here, too, new oppor- 
tunities for life extension are arisinq through the rapidly growing science 
of organ replacement and soon of organ regeneration). As man progresses 
further in genetic research, he will move closer to the time when it will 
be possible to influence the design of his offspring, perhaps even pro- 
duce them ectogenet i ca 1 1 v . People can now alter their mental state with 
druqs, and over time even influence their personalities;. Will man, with- 
in 200 years, be able to condition his mind to increase his ability to 
learn, to communicate, to create, and will he have the power to affect 
others similarly, perhaps without their knowing it? 

How will all of these potential changes, many quite likely, affect 
human beings for whom work--in the pos t i ndus t r i a 1 era--wi11 be an activity 
of relatively short duration, and of a primarily self-serving nature? It 
is almost impossible to imagine such an existence. But already there are 
available electromechanical devices that effect enormous savings of 
labor, and the next generation of such devi ces--spurred by the computer 
revolution--wi 1 1 probably free man from the necessity of managing them, 
except for the preselection of appropriate computer programs. What kind 
of a life wi 1 1 a genetically engineered, vi ta 1 -organ-repl aceabl e , 
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mental-state-adjustable, computer- robot-ass Isted human being want to live? 
Will he find satisfaction in the pos tindustrial era? Will he seek even 
more to test himself in the combat of sport, the risk of adventure or the 
challenge of exploration? Or will he be able and prefer to experience 
all of this--and more — through artificial stimulation? 

And what of social organization in this post industr i al era? Will 
people group as child-rearing families, in service-providing communities, 
under national banners? Or will these human beings of dramatically 
different makeup seek greatly altered institutions? It seems clear that 
there will be many more people and that most will have the means to 
obtain more in terms of goods and possessions than they can today. But 
will these goods be distributed as they are now, acquired with finite 
resources through billions of interacting calculations of marginal 
utility? Politics, Harold Lasswell once wrote in a famous definition, 
is "competition for scarce values." In a world of great abundance for 
almost all, but greater abundance for some than others, will the same 
competition still obtain? And in that world of greatly advanced communi- 
cation and transportation, will we still see each other as being so 
d i fferent? 

The post i ndustr ia 1 world we foresee will be one of increased abun- 
dance, and thus hopefully of reduced competition; it will be one of 
greater travel and contact, and thus possibly one of diminished differ- 
ences among its peoples. But it will also be one of enormous power to 
direct and manipulate both man and nature; and thus its great issues will 
still be the very questions that confront us now, though enlarged in range 
and magnitude: Who will direct and manipulate, and to what ends? 
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APPENDIX I 

TWO KINDS OF ISSUES FACING MANKIND 
Eight Basically Uncertain Issues 


These are the real issues of the future. Their general 
nature is sometimes clear; the exact shape they will 
take, the degree of danger and problems involved, and 
their likely resolution are unclear. 

1. Effects of U.S. super- industrial economy 
on environment, society and culture of 
the U.S. and the world. 

2. Effects of U.S. post-industrial economy 

on environment, society and culture of the 
U.S. and the world. 

3. Parallel developments in other countries. 

4. Political, institutional, international 
security and arms control issues. 

5. Possible damage to earth because of compli- 
cated, complex, and subtle ecological and 
environmental effects. 

6. Issues relating to quality of life, attitudes, 
values, morals and morale for different 
nations and groups. 

7- Images of the future and the likely problems 
and opportunities created by these images, 

8. Degree and effects of bad luck and bad 
management. 
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Eig ht Probably “Sur prise-Free" Issues 


These issues are at the center of current controversies 
and are thus very troublesome For the present and the 
immediate future. However, a surprisingly broad consen- 
sus concerning their nature and possible solution is 
probably attainable. Thus, the current debate is very 
misleading and drains off energies which could better 
be devoted to the real issues listed above. At the 
same time much current discussion discourages practical 
steps by assuminq that they will be ineffective. IF 
this Dotential consensus could be articulated and demon- 
strated, then the issues below could be addressied with 
greater effectiveness and, at the same time, more atten- 
tion could be directed to the truly uncertain issues 
1 i sted earl ier . 

i. Likelihood of population and GWP transition 
he i nq caused more by "natural" limitation 
of demand than forced limitation of supply. 

?. Overall demographic, land-use and income 

i ssues . 

3. Agricultural and related food issues. 

h. Energy issues. 

*, . Other resource issues. 

f>. Issues associated with clean air, clean 
water, and aesthetic landscapes. 

f. Partial images of the future, including 

imaaes of the likely emergence of both the 
super- and post- industrial economies. 

8 . An important and exciting role for space. 
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